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PREFACE. 



In preparing the following work, it was intended to pre- 
sent a systematic and somewhat complete statement of the 
principles of Geology, within such limits that they may be 
thoroughly studied in the time usually allotted to this 
science. 

A sufficient number of leading facts has been introduced 
to enable the learner to feel that every important principle 
is a conclusion to which he has himself arrived ; and yet, for 
the purpose of compression, that fulness of detail has been 
avoided with which more extended works abound. In fur- 
therance of the same object, authorities are seldom cited. 

The consideration of geological changes is made a dis- 
tinct chapter, subsequent to the one on the arrangement of 
materials. It should, however, be remembered that these 
processes of arranging and disturbing are not thus separ- 
ated in time. In nature the two processes are always going 
on together. 

It seemed, important to exhibit the science with as much 
unity and completeness as possible ; and hence, discussions 
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upon debatable points in Theoretical Geology, so interesting 
to mature geologists, would have been out of place here ; 
and yet those more intricate subjects have not been omit- 
ted. A large proportion of the work is devoted to the 
explanation of geological phenomena, in order to convey an 
idea of the modes of investigation adopted, and the kind of 
evidence relied .on. Where diversities of opinion exist, that 
view has been selected which seemed most in harmony with 
the facts ; and the connection has not often been interrupted 
to combat, or even to state, the antagonist view. 

Technical terms have, in a few instances, been introduced, 
and principles referred to, which are subsequently explained. 
The index will, however, enable the student to understand 
them, without a separate glossary. 

Some may prefer to commence with the second chapter, 
deferring the study of the elementary substances, minerals 
and rocks, to the last. Such a course may be pursued with- 
out special inconvenience. 

Questions have been added, for the convenience of those 
teachers who may prefer to conduct their recitations by this 
means. But, when the circumstances of the case admit of 
it, a much more complete knowledge of the subject will be 
acquired by pupils who are required to analyze the sections, 
and proceed witn the recitation themselves ; while the teach- 
er has only to correct misapprehension, explain what may 
seem obscure, and introduce additional illustrations. 
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Of THE MATERIALS WHICH COMPOSE THE CRUST OF THE 

EARTH. 

SECTION I. — SLEMENTABY SX7BSTANGES. 

^ There are about sixty substances known to the chemist which 
are considered as elementary ; but most of them are rarely met 
with, and only in minute quantities. A few of them are, however, 
so abundant, in the composition of the crust of the earth, as to ren- 
der some attention to them necessary. 

Oxygen is more widely diffused than any other substance. It 
IS an ingredient of water and of the atmosphere, — the former con- 
taining eighty-eight per cent., and the latter twenty-one. Nearly 
all rocks contain oxygen in combination with the metallic and 
metalloid bases; and the average proportion of oxygen which they 
ccmtain is about forty-five per cent. ; so that it will not differ 
much from the truth to consider the oxygen in the earth's crust as 
equal in weight to all the other substances which enter into its 
oompositi<>n. 

Hydrogen occurs in nature principally in combination with 
oxygen, forming water. It is also an ingredient in bitumen and 
bituminous coal. 

Nitrogen is confined almost entirely to the atmosphere, of which 
it forms four-fifths. It enters into the composition of some varie- 
ties of coal, and is sparingly diffused in most fossiliferous rocks. 

One of the most important substances in nature is carbon. It 
constitutes the principal part of all the varieties of coal, as well as 
of graphite, peat and bituminous matter. A much larger amount 
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of carbon exists*.!!^ 'the carbonic acid which is combined with the 
oxides of the HbetUloids and metals. The most abondant of these 
compounofe U limestone, which oontiuns about twelve per cent, of 
carbon;/.-: •• 

» r 

la. tha neighborhood of volcanoes ndphur is ft^ond pure and in 

t^ crystalline form. It is a constant ingredient in volcanic rocks, 

..and* in several of the most important ores, particularly those of 

'' .'^lead, copper and iron. The most abundant sulphate is gypsum, 

.*././ which contains twenty-six per cent, of sulphur. In small quan- 

. . . ' tities it is widely diffused in rocks, and in the waters of the ocean. 

Chlorine is found principally as an ingredient of rock-salt, which 
contains sixty per cent, of it, and of sea-water, which contains one 
and a half per cent. 

Fbwrine is found, though very sparingly, in nearly all the 
unstratified rocks. It forms nearly half of the mineral known as 
Derbyshire spar. 

Of the metals, Iron is the only one that is found abundantly. 
It enters into the composition of nearly all mineral substances. It 
is generally combined with oxygen, and occurs less frequently as a 
carbonate or sulphuret. Of volcanic rocks it forms about twenty 
per cent. Its ores are sometimes found in the form of dikes or 
seams, having been injected from below ; at other times, in the 
form of nodules or stratified masses, like other rocks of mechanical 
origin. 

Manganese is likewise extensively diffused, but in very^ small 
quantity. The other metals are often met with, but their locali- 
ties are of very limited extent. 

Of the metallic bases of the (earths and alkalies, Silicmm is the 
most abundant. It generally occurs in the form of silex, which is 
an oxide of the metal. There are but few rocks in which it is 
not found in considerable amount. 

Aluminium generally occurs as an oxide, in which, form it is 
alumina. It is the base of the different varieties of clay and clay- 
slate. It is also a constituent of felspar and mica. 

Potassium is an ingredient of felspar and mica, and hence is 



SIMPLE MINERALS. 13 

found in all the primary and in most of the yolcanic rocks, as 
well as in the stratified rocks derived from them. 

Sodium is a constituent of a variety of felspar which is some- 
what abundant in volcanic rocks. Its principal source is the 
extensive beds of rock-salt, and the same substance in a state of 
solution in the waters of the ocean. 

Calcium constitutes about forty per cent, of limestone, and is 
an ingredient in nearly all igneous rocks. This metal, in the state 
of an oxide, is lime. 

Magnesium is somewhat abundant, but less so than calcium. It 
is one of the bases of dolomite and magnesian limestone, and is an 
ingredient of talc and all talcose rocks. 

The substances now enumerated constitute nearly the entire 
mineral mass of the crust of the earth. They i&ay be arranged in 
the following order : — 

I. NON-METALLIC SUBSTANCES. 

Oxygen. Hydbogen. Nitbogen. 

Cabbon. Sulphub. Culobine. 

Fluobine. 

II. METAI5. 
Iron. Manganese. 

m. METALLIC BASES OF THE EARTHS AND ALKALIES. 

SiLiciTTM. Aluminium. Potassium. 

Sodium. Calcium. Magnesixtm. 

These substances, chemically combined, form Simple Minerals, 



SECTION U. SIMPLE MINERALS. 

All substances found in the earth or upon its surface, which are 
not the products of art or of organic life, are regarded by the 
mineralogist as simple minerals. About four hundred mineral 
species are known, and the varieties are much more numerous ; but 
only a small number of them are so abundant as to claim the 

2 
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attention of the geologist. An acquaintance with the following 
species is, however, necessary. 

Quartz is probably the most abundant mineral in nature. It 
is composed wholly of silez. Its specific gravity is 2.65. It is the 
hardest of the common minerals, gives sparks with steel, scratches 
glass, and breaks into irregular angular fragments under the hammer. 
When crystallized, its most common form is that of a six-sided 
prism, terminated by six-sided pyramids. When pure, it is trans- 
parent or translucent, and its lustre is highly vitreous. The 
transparent variety is called rock crystal. When purple, it is 
amethyst. When &int red, it is rose quartz. When its color is 
dark brown, or gray, and it has a conchoidal fracture, it is flint. 
When quartz occurs in white, tuberous masses, of a resinous lustre 
and conchoidal fracture, it is opal. The precious opal is distin- 
guished by its lively play of colors. Jasper is opaque, and con- 
tains a small per cent, of oxide of iron, by which it is colored duU 
red, yellowish red or brown. The light-colored, massive, trans- 
lucent variety is chalcedony. The flesh-colored specimens are 
carnelian. When composed of layers of chalcedony of different 
colors, it becomes agate. Several of the varieties of quartz, such 
as amethyst, opal, carnelian and agate, are used to considerable 
extent in jewelry. 

Felspar is composed of silex, alumina and potassa. It resembles 
quartz, but it is not as hard, cleaves more readily, and is not gen- 
erally transparent. Its specific gravity is 2.47. Its lustre is 
feebly vitreous, but pearly on its cleavage faces. Its color is 
sometimes green, but generally dull white, and often inclined to 
red or flesh-color. 

Mica is composed of the same ingredients as felspar, together 
with oxide of iron. Its specific gravity is nearly three. It is 
often colorless, but frequently green, smoky, or black. It may 
be known by its capability of division into exceedingly thin, trans- 
parent, elastic plates. 

Hornblende is composed of silex, alumina and magnesia. Its 
specific gravity is a little above three. Its color is generally some 
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shade of green. When dark green or black, whether in a massive 
or crystalline state, it is common hornblende. When light green, 
it is actinolite. The white variety is tremolite. When it is com- 
posed of flexible fibres, it is asbestus ; and when the fibres have also 
a silky lustre, it is amianthus. 

Augite or Pyroxene has, till recently, been considered as a 
variety of hornblende. Its specific gravity is slightly different ; 
its composition is the same, and in general appearance it is not 
easily distinguished from hornblende. It has, however, been made 
a distinct species, because its crystalline form is different. 

Hypersthene is composed of silex, magnesia and oxide of iron. 
Its specific gravity is 3.38. It closely resembles hornblende. The 
lustre of its cleavage faces is metallic pearly. Its color is grayish 
or greenish black. 

Talc is composed of silex and magnesia. Its specific gravity is 
2.7. It resembles mica in its general appearance and in its lam- 
ellar structure, but it is easily distinguished from it by its plates 
being not elastic, and by its soapy feel. Its color is generally some 
shade of green. Soapstone is an impure variety of talc, of a light 
gray color, earthy texture, and is unctuous to the touch. C/do- 
ritCj another impure variety, is a dark green rock, massive, easily 
cut with a knife, and unctuous to the touch. 

Serpentine is composed of silex and magnesia. Its specific 
gravity is 2.55. It is generally massive, unctuous to the 
touch, and of a green color. It is often variegated with spots 
of green of different shades. With a mixture of carbonate of 
lime it forms the verd antique marble, 

CarboTiate of Lime, or common limestone, is composed of car- 
bonic acid and lime. Its specific gravity is 2.65. It presents a 
great variety of forms. In a crystalline state it is generally trans- 
parent, and when so, possesses the property of double refraction. 
It may be distinguished from every other common species by its 
rapid effervescence with acids. It readily cleaves parallel to all 
the faces of the primary form, which is a rhombohedron. 

Sulphate of Lime, or Gypsum, is composed of sulphuric acid 
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and lime. Its specific gravity is 2.32. When crystalline, it has a 
pearly lustre, is transparent, and goes under the name of Sdenite, 
Common Ch/psum resembles the other earthy limestones, bat it is 
softer, and may, be readily distinguished by its not effervescing 
with acids. 

To the minerals now enumerated may be added the following, 
which are of frequent occurrence, but not in great quantities ; 
namely, carbonate of magnesia, oxide of iron, iron pyrites, rock- 
salt, coal, Intumen, schorl and .garnet. 

These simple minerals, either in separate masses or mingled 
more or less intimately together, compose almost wholly the 
earth's crust. 



SECTION m. — THE 2IINERAL MASSES WHICH FORM THE CRUST OF 

THE EARTH. 

That portion of the structure of the earth which is accessible to 
man is called the crust of the earth. 

The mineral masses which compose it, whether in a solid state, 
like granite and limestone, or in a yielding state, like beds of sand 
and clay, are called rocks. 

The unstratified rocks are Granite, Hypersthene rock. Lime- 
stone and Serpentine, and the Trappean and Volcanic rocks. 

Granite is a rock of a light gray color, and is composed of 
quartz, felspar and mica, in variable proportions, confusedly crys- 
tallized together. The felspar is generally the predominant min- 
eral. It is sometimes of a very coarse texture, the separate min- 
erals occurring in masses of a foot or more in diameter. At other 
times it is so fine-grained that the constituent minerals can scarcely 
be recognized by the liaked eye ; and between these extremes there 
is every variety. The term granite is not, however, confined to an 
aggregate of these three minerals. In some instances the felspar 
BO predominates as almost to exclude the other minerals, when it 
is called felspathic granite. When the quartz appears in the 
form of irregular and broken lines, somewhat resembling written 
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characters, in a base of felspar, it is called graphic granite. When 
talc takes the place of mica, it is talcose granite. When horn- 
blende takes the place of mica, it is syenite. Granite or any 
rock becomes porphyritic when it contains imbedded crystals of 
felspar. 

There is' a rock of crystalline structure, like granite, but of a 
darker color, which is called hypersthene rock. It is composed of 
Labrador felspar and hypersthene. The mineral species serpen' 
tine and limestone ofben occur unstratified in considerable quantities. 

Volcanic rocks consist of the materials ejected from the cra- 
' ters of volcanoes. They are composed of essentially the same min- 
erals as trap rocks. When the material has been thrown out in a 
melted state, it is called lava. Lava, at the time of its ejection, 
contains a large amount of watery yapor at a high temperature. 
Under the immense pressure to which it is subjected in the volcanic 
foci, it may exist in the form of water ; but when the lava is thrown 
out at the crater, the pressure cannot much exceed that of the 
atmosphere. The particles of water at once assume the gaseous 
form. As lava possesses considerable viscidity, the steam does not 
escape, but renders the upper portion of the mass vesicular. This 
vesicular lava is called scorice. By the movement of the stream 
of lava, these vesicles become drawn out into fine capillary tubes, 
converting the scoriae into pumice-stone. 

A large part of the materials ejected from volcanoes is in the 
form of dust, cinders and angular fragments of rock. These soon 
become solidified, forming volcanic ttiff, or volcanic breccia. In 
submarine eruptions these fragments are spread out by the water 
into strata, upon which other materials, not volcanic, are after- 
wards deposited. These interposed strata are called volcanic grits. 

The trappean rocks are composed of felspar, mingled intimately 
and in small particles with augite or hornblende. They also con- 
tain iron and potassa. They are often porphyritic. When they 
contain spherical cavities, filled with some other mineral i such as 
chlorite, carbonate of lime or agate, they are called amygdaloidal 

trap. 

2* 
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The prindpal varieties of trappean rock are besalt, grecD stone, 
and trachyte. In basalt, augite, or, id some cases, tiorablende, is 
^ predominant mineral. It is a heavy, cloee-graioed roclc, of a 
black or dark brown color. Greenstone differs Mm basalt in 
containing a much larger proportion of felspar. Its stracture is 
more granular, and freqnentlj it assumes so much of the crystal- 
line form as to pass iDsensibly into syenite or granite. It is a 
dark colored rock, with a slight tinge of green. Both green stone 
and basalt are disposed to assume the columnar form, the columns 
b^ng arranged at right angles to the faces of the fissure into which 
the trap is injected. When it is spread out into brood horizontal 




maafies, the columns are vertical. (Fig. 1.) Trachyte is composed 
principally of felspar, is of a grayish color, and rough to the touch. 

Of the ttratified rooks the fijilowing are the most important ; 

Gneitt is a rock closely resembling granite. It is an aggregate 
of Uie same minerals, but the proportion of mica is somewhat 
greater. The only distinction between them is that the gnoss is 
stratified, but the stratification is often so indistinct that it passes 
insensibly into granite. Generally, however, the stratification is 
so distinct as to present a marked difference. 

Mica slate is such a modification of gneiss that the mtea 
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becomes the predominant mineral, with a small intermixture of 
quartz and felspar. Consequently the stratification becomes very 
distinct, so as sometimes to render the mass divisible into thin 
sheets. The stratification is often wavy, and sometimes much 
contorted. 

Sandstone consists of grains or fragments of any other rock, 
but more frequently of siliceous rocks. The fragments are oon« 
solidatedr sometimes without any visible cement, but often by a 
paste of argillaceous or calcareous substance. The color varies 
with that of the rock from which it was derived. Generally, how- 
ever, it is either drab or is colored red by oxide of iron. The 
fragments are sometimes so minute as scarcely to give the rock the 
appearance of sandstone. When they are of considerable size and 
rounded, the rock is called conglomerate. When they are angu- 
lar, it is called breccia, Greensand is a friable mixture of sili- 
ceous and calcareous particles, colored by a slight intermixture of 
green earth or chlorite. 

. Limestone is a very abundant rock, and occurs in many differ- 
ent forms. In transparent crystals it is Iceland spar. When 
white and crystalline, it is primary limestone^ saccharine lime' 
stonCy or statitary marble. When sub-crystalline it is generally 
more or less colored. It is often clouded with bands or patches of 
white in a ground of some dark color. When its texture is close, 
and the crystallization scarcely apparent, it is compact limestone. 
The white, earthy variety is chalk, A variety of limestone com- 
posed of small spheres is called oolite. Lias is the name given 
to an impure argillaceous variety of a brown or blue color. Any 
rock which contains a considerable proportion of carbonate of lime, 
and which rapidly disintegrates on exposure to the atmosphere, is 
called marl. Limestone sometimes contains carbonate of magnesia. 
It is then magnesian limestone, or dolomite. 

Clay consists of a mixture of siliceous and aluminous earth. It 
is tough, highly plastic, and generally of a lead blue color. It is 
always stratified, and often divided into very thin laminae, which 
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are separated by sprinklings of sand only sufficient to keep them 
distinct. 

Clay slate, or argillaceous schist, is composed of the same mate- 
rials as clay, and differs from it only in having become solidified. 
Its color is gray, dark brown or black. In some beds it is purple. 
Shale is the same material in a state of partial solidification. On 
exposure to the weather, it soon disintegrates, and is finally recon- 
verted into clay. All the varieties of argillaceous rock are easily 
distinguished by a peculiar odor which they emit when breathed 
upon. 

Argillaceous slate sometimes takes into its composition portions 
of some other mineral, such as talc, mica, or hornblende. When 
any of these minerals becomes so abundant as to constitute a con- 
siderable part of the mass, the rock becomes talcose, micaceemSy or 
hornblende slate. Sometimes this last variety loses all appear- 
ance of a fissile structure, and is composed almost wholly of horn- 
blende. It is then called hornblende rock. 

Diluvium is the name applied to masses of sand, gravel, and 
large rocks, called boulders, heaped confusedly together on the 
surface of the earth. It is also called drift. 



CHAPTER II. 

OP THE ARRANGEMENT OP THE MATERIALS WHICH COM- 
POSE THE CRUST OF THE EARTH. 

SECTION I. — THE CLASSIFICATION OF EOCKS. 

In the first place, we divide rocks into stratified and ww- 
strattfied. This division is one which will in general be easily 
recognized, even by the most inexperienced observer ; and the dis- 
tinction is important, because it separates the rocks of igneous ori- 
gin from those which have been produced by deposition of sedi- 
ment from water. 

It will be shown hereafter that a part of the unstratified rocks 
have been formed at or near the sur&ce of the earth ; that is, they 
have taken their present form by passing from a state of fusion to 
a solid state above or between the stratified rocks, as in the case of 
lava (Fig. 2, A). The other unstratified rocks have cooled so as 
to take the solid form below the stratified rocks, as at B. The 
first are called epigene, or vdcanic rocks ; the last, hypogene^ or 
jHutonic rocks. 

The lowest portion of the second division, the stratified rocks, 
are termed non-fossiliferous, from the fact that they contain no 
evidence of the existence of organic beings at the time when they 
were deposited. Their relation to the other rocks is shown at C. 
It is supposed that these rocks have been subjected to great 
changes by heat from the igneous rocks below them. On this 
account Mr. Lyell proposes to call them metamorphic rocks. The 
other portions of the stratified rocks are fossiliferous, containing 
the remains of organic beings which lived at the period when ike 
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rocks were deposited. They are represented at D. The division 
of the last-named rocks into groups will be given hereafter. 

We have then four principal classes of rocks: Plutonic* 
Rocks, Volcanic Rocks^ Non-fossiliferous Stratified Rocks and 
FossUiferaus Rocks, 



SECTION n. — THE PLUTONIC BOCKS. 

\ 

I 

Granite is by h,v the most important of this class of rocks. Of 
its thickness no estimate can be made, as no mining, operations 
have ever penetrated through it, and none of the most extensive 
displacements of rocks by natural causes has brought to the sur- 
face any other rock on which it rests. It may, therefore, be con- 
sidered the foundation rock, the skeleton of the earth, upon which 
all the other formations are supported. The whole amount of 
granite in the earth's crust may be greater than that of all other 
rocks, but it comes up through the other formations so as to be 
exposed over only a comparatively small portion of the surface, 
and this is generally the central portion of mountain ranges, or the 
highest parts of broken, hill country. Still, it is not unfrequently 
found in the more level regions, in the form of slightly elevated 
ridges, with the stratified rocks reclining against it. 

The structure of granite seems frequently to be a confused 
mixture of the minerals which compose it, without any approach 
to order in their arrangement ; but in many cases it is found to 
split f^reely in certain directions, and to work with difficulty in any 
other. This may result from an arrangement of the integrant 
crystals, so that their cleavage planes approach more or less nearly 
to parallelism. When this is the case with the mica or felspar, it 
must diminish the cohesion in a direction perpendicular to these 
planes, and thus £icilitate the cleavage of the mass. 

Granite is found to penetrate the stratified rocks in the form of 
veins. The following section ^Fig. 3) will show the relation of 
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grftnite vema to the granitio mass below. The graDibi which is 
quarried fbr architectural parposes is often in comparatively small 
^$- i- quantities, disappearing at the diEtance 

of a ibw hundred yards beneath the 
Etratificd rock ; or else it exists in the 
form of isolated dome-shaped -masses. 
It is probable that, if thej could be fol- 
lowed auffidently &j, they would be 
found to be portions of dikes coming 
from die general mass of gruiite be- 
low. Even the granite nuclei of the 
great mountain ranges may be consid- 
ered as injected dikes of enormous mag- 
Granite is itself intersected with granite veins more frequently, 
perhaps, than any other rocks ; bnt the v^ is a coarser granite 
than the rock which it divides. 
B not uncommon to find one set 
i of ^es intercepted and cut off by 
', a second set, and the second by a 
■ third. The substance of the dikes 
of conrse, io a liquid state when 
Its injected, and the first must 
. have become solid before the second 
>' was thrown in ; hence the dikes are 
, of difilerent ages. The dikes a b c, 
esented in Fig. 4, must have 
been injected in the order in which they are lettered. 

It is probable that, by the process of cooling, the liquid mass 
&om which these dikes have proceeded has been gradually soUd- 
ifying from the surfiice downwards. If so, it would fi>llow that 
the granite nearest the surface (1, Fig. 2) is the oldest, and the 
newest is that which is at the greatest distance below (4), It is 
possible that at great depths granite may be still forming, — that 
is, taking the solid form, — though of this there can be no direct 



fig. 1. 
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proof. There is, however, proof that it has been liquid at periods 
of time very distant from each other ; for the dikes sometimes 
reach to the top of the coal £)rmation (for example), and theh 
spread themselves out horizontallj, as at a, showing that the rock 
above the coal had not then been deposited. Another dike will 
extend through the new red sandstone, as at 3, and spread itself out 
horizontally as before. These horizontal layers of granite, by their 
position in strata whose ages are known, indicate the periods when 
granite has existed in a liquid state. Granite veins have been dis- 
covered in the Pyrenees as recent as the dose of the cretaceous 
period, and in the Andes they have been found among the tertiary 
rocks. 

There are several other rocks, of minor importance, of);en &und 
in connection with granite. Hypersthene rock, in a few cases, 
forms the principal part of mountain masses. Greenstone is more 
frequently associated with the trappean rocks, but it sometimes 
passes imperceptibly into syenite and common granite. Limestone 
is found in considerable abundance, and serpentine in small quan- 
tities, as primary rocks, and have evidently been formed like 
granite, by solidifying from a state of Vision. 



SECTION in. — THE VOLCANIC SOCKS. 

The volcanic rocks consist of materials ejected from volcanoes. 
They are, however, ejected in very different states ; sometimes as 
dust, sand, angular fragments of rock, cinders, &c., and sometimes 
as lava streams. In some instances, the lava has so little fluidity 
that it accumulates in a dome-shaped mass over the orifice of erup- 
tion, and perhaps in a few instances it has been thrust upward in 
a solid state. 

There are two principal varieties of lava, — the trachytic, con- 
sisting mostly of felspar, and the basaltic, consisting of hornblende. 
When both kinds are products of the same eruption, the trachytio 
kva is thrown oat first, and the basaltic last. The reason of 

8 
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this is, that felspar is lighter than hornblende, and probably rises 
to the sorfaoe of the lava mass at the volcanio focus, and the basal* 
tic lava is therefore reserved till the trachjtic has been thrown o£ 

These, like other rocks, have been produced at different epochs. 
There is, however, great difficulty in determining their age. There 
are some differences of structure and oompositi(»i observed, in com* 
paring the older and newer lavas ; but the only method that can be 
relied on to determine their age is their relaHon to other rocks. 
When they occur between strata whose age is deteimined by imbed- 
ded fossils, they must be of intermediate age between the inferior 
and superior strata. 

1. Modern Volcanic Rocks, — Some of the volcanic rocks are 
of modern origin, and are produced by volcanoes now active. The 
total amount of these, and of all the other volcanic rocks, is prob* 
ably less than that of either of the other principal divisions of 
rocks ; yet they form no inconsiderable part of the earth's crust 
The number of active volcanoes is not iar firom three hundred, and 
the number of eruptions annually is estimated at about twenty. 
In some cases, the lava consists of only a single stream, of but a 
few hundred yards in extent. It extends, however, not unfire- 
quently twenty miles in length, and two or three hundred yards in 
breadth. The eruption of Mount Loa, on the island of Hawaii, in 
1840, from the crater of Kilauea, covered an area of fifteen square 
miles to the depth of twelve feet; and another eruption of the same 
mountain, in 1843, covered an area of at least fifty square miles. 
The eruption in Iceland, in 1783, continued in almost incessant 
activity for a year, and sent off two streams in opposite directions, 
which reached a distance of fifty miles in one case, and of forty in 
the other, with a width varying from three to fifteen miles, and with 
an average depth of more than a hundred feet. The size of some 
of the volcanic mountains will also assist in forming an idea of the 
amount of volcanic rocks. Monte Nuovo, near Naples, which is a 
mile and a half in circumference and four hundred and forty feet 
high, was thrown up in a single day. ^tna, which is eleven thou- 
sand feet high, and eighty-seven miles in circumference at its 
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base, has probably been produced wkolly by its own eruptions. A 
large part of the ctuun of the Andes consists of volcanio rock, but 
the proportion ve have not the means of estimatJng. 

-2, Tertiary Lavas. — There is another class of voloaaio prod- 
ucts, which aie so ^tasted with reference to the tertiary strata 
that they most be referred to that period. The priscipal locali- 
ties of these lavas, so fiur as yet known, are Italy, Spun, Central 
France, Hungary, and Germany. They are also found in South 
America. Those of Central France have been studied with the 
most care. They occur in several groups, but the; were the seats 
of volcanic activity during the same epoch, and formed parts of <me 
ext«n«v6 volcanic region. Each of these minor areas, embracing 
a circle of twenty or thirty miles in diameter, is coveted with hillfl 
two or three thousand feet in height, which are composed entirely 
of volcanic products, like the cone of ^tna. On many of them 
there are perfectly-formed craters still remaning. Numerous 
streams of lava have flowed from these craters, somo of which can 
now be , traced, throi^hont their whole extent, with as much cer- 
tainty as if they were eruptions of the present century. Some of 
the lavas have sccnmulated aroond the orifices of eruption, fbrm- 
ing rounded, dome-shaped eminences. These lavas generally con- 
sist of trachyte, and have therefore a low speoifio gravity, and 
unperf^ fluidity The basaltic lavas have often spread out over 
broad areas and when they have been conflued m valleys, have 
reached a distance of fifteen miles or more from their aouree 
latere still r^nam indications of a ounent of lava, which was 






thirty miles long six broad and m a part of its course from four 
to SIX hundred feet deep The above sketch (Fig 5) wilt give 
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flomo idea of the highly Tolcanio aspect which the district of 
Auvergne, in France, presents. 

The unimpaired state of some of the cones and craters, and of 
the lava currents, would lead to the impression that these regions 
have been the theatre of intense volcanic action within a very 
recent period. But there is good reason to believe that this has 
not been the case. " The high antiquity of the most modem of 
these volcanoes is indeed sufficiently obvious. Had any of them 
been in a state of activity in the age of Julius Caesar, that general, 
who encamped upon the plains of Auvergne and laid siege to its 
principal city, could hardly have fiiiled to notice them." 

It is equally certain that the conmiencement of thar activity 
was at a late period in the history of the earth. Lava currents 
are frequently found in France resting upon the early tertiary 
strata, but no lava current is fi)und below them. The later ter^ 
tiary strata contain pebbles of volcanic rocks, showing that lavas 
had been previously ejected, but none are found in the older strata 
of this formation. We must, therefore, conclude that these vol- 
oanio tracts assumed their volcanic character at some intermediate 
point in the tertiary period. 

When we find that their activity commenced at so late a period 
and dosed so long ago, we might be led to suppose that it was of 
ferj short duration. But a great number of &ct8, in the present 
condition of the country, require that we should assign to them a 
very prolonged activity. A single instance will be sufficient to 
show the nature of the evidence upon which this conclusion rests. 
The heavy line (Fig. 6) represents the present form of one of the 
valleys. A bed of lava forms the highest point of land repre- 
sented, and a second bed is found in an intermediate part of the 
slope. The position of the upper bed must have been a valley, 
when the lava flowed there. We may represent this valley by the 
line a b c. The slow operation of natural denuding causes at 
length excavated the valley d e h, when another lava current 
flowed through it, covering its bed of pebbles, as before. The same 
denuding causes have at length produced the present valley,/^ A. 



These temnants of lava-cnrrenta, as they have formed a very imper- 
ishable rock, have protected the sulijaoeut strata from erouoD, and 
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fiinush eridcDce of the position of the valley at difierent periods. 
When we consider with what extreme filownees denuding oaosea 
prodocfl changes on the sur&ce, and what extensive ohangee they 
have here nevertheless effected in the interval between the produo- 
tion of the different lava currents, we are (»mpelled to feel that 
tJiat interval was a very prolonged one. Yet this period, however 
long it may have been, was evidently less than the period of activ- 
ity of these volcanoes. 

3. Vdcanie rocks of an earlier date are also fbnnd, Bometimea 
as distinct lavas, though generally as volcanic grits. They oooui 
interetratified with the cretaceous rocks, and with every other 
formatdoD of the fbsmliferous series, showing that, from the earliest 
timee, these rocks have been accnmulatiDg as they now are. 

The trappean rocks may, in a general olassiGcatioa, be consid- 
ered as volcanic. It will be shown, hereafter, that they are the 
lavas of submarine volcanoes. They do not, however, occur in the 
form of lava currents, but in great tabular masses, generally 
between stratified rocks, or in the form of dikes. They are also 
entirely unconnected wiUi cooes or craters. 

The trappean rocks occur more or less abundantly in all ooan- 
tties. One of the most noted localities of this rock is a re^oa 
3* 



30 KON-VOSSILIFBEOUS VtBkrOIXD K0CK8. 

embracing the north of Ireknd, and seyeral of the islands on the 
western coast of Scotland. It contains the celebrated Giant's 
Causewaj, which consists of a mass of colunmar trap ; also Fingal's 
CayCi which is produced by a portion, of the trap being colnmnar, 
and thus disintegrating more rapidly than the rest, by the action 
of the waves. An immense mass of greenstone trap, which has 
generally been considered as a vast dike, though often a mile in 
thickness, is found extending from New Haven to Northampton, 
on the west side of the Connecticut river. It then crosses to the 
east side, and continues in a northerly direction to the Massachu- 
setts line. Under different names, it constitutes a nearly contin- 
uous and precipitous mountain range for about one hundred miles. 
Dr. Hitchcock supposes this greenstone range to be, not an injected 
dike, bat a tabular mass of ancient lava, which was spread out on 
ibe bed of the ocean during the period of the deposition of the 
Oonnecticut river sandstone. It was subsequently covered with a 
deposit of strata of great thickness, and then by subterranean forces 
thrown into its present inclined position. 

There is a mass of basaltic rock in the valley of the Columbia 
river, in the Or^n Territory, which extends without interruption 
for a distance of four hundred miles. Its breadth and thickness is 
not known, but in some places the liver has cut a channel in this 
rook to a depth of four hundred feet. Its age has not been deter- 
mined, and it will, perhaps, be found to be a tertiary or modern 
production. 



SECTION IV. — THE NON-FOSSILIEEBOUS STRATIFIED (OR MEIAMORp 

PHIC) ROCKS. 

1. Chieiss is the most abundant rock in this class, and is gen- 
erally found reposing on granite. Its stratification is sometimes 
very distinct, but it is often so imperfect that it can scarcely be 
recognized. This is more frequently the case in the vicinity of 
granite on which it rests, and into which it insensibly passes. A 
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large part of the material used for building purposes, under the 
name of granite, is obscurely marked gneiss. In all primary 
countries it is an abundant rock, occupying extensive districts, and 
sometimes forming mountain masses. 

2. Mica slate lies next above gneiss, and is a very abundant 
rock. As it differs from gneiss only in the proportion of mica 
which it contains, and as the quantity of mica in it is very dif- 
ferent in different places, it is often difficult to make the distinc- 
tion between them. It also passes by insensible degrees into the 
argillaceous rocks. Many of the argillaceous rocks are £)und, upon 
close examination, to contain mica in minute scales in such abund- 
ance as to make it doubtM whether they ought not to be regarded 
as mica slates ; that is, the metamorphic action by which ar^Uaceous 
slate is converted into mica slate had proceeded so iar, before it was 
arrested, that it becomes impossible to say whether the argillaceous 
or micaceous characters predominate. 

3. Argillaceous slate, — The last rock of this series is a slaty 
rock, more or less highly ar^llaceous. It does not differ in litho- 
logical characters from the same rock in the higher strata. It is 
doubtful whether the roofing-slates should be considered as belong- 
ing to the metamorphic series or not. They have been subjected 
to a very high degree of metamorphic action, and yet strata inti- 
mately associated with them have, in occasional instances, contained 



It is not easy to fix the exact upper limit of this series. The 
fossils are few, obscure, and seldom met with in the lowest ibssilif- 
erous series ; and the transition is very gradual from the distinctly 
metamorphic to the fossiHferous rocks. This renders it impossible 
always to determine accurately the Hne of separation. 

The gneiss, mica slate and argillaceous slate, have the order of 
superposition in which they are here named. They differ only in 
the amount of metamorphic action to which they have been sub- 
jected ; and the gneiss which is most highly metamorphic has, by 
being the lowest, been most aeted-upon, — the mica slate less, and 
the argillaceous slate least. In a particular locality, however, the 
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lowest rock whicli was subjected to these causes of change, instead 
of having been of such a character as to prodnce gneiss, may have 
been a limestone, and in that case the lowest metamori^o rock 
would be a saccharine marble. In another locality the lowest rock 
may have been a sandstone, which would be converted into quartz 
rock. Hence there may occur, in any part of the metamorphio 
series, crystalline limestone, quarts rock, hornblende slate, chlorite 
slate, and talcose slate ; and any one of these rocks may be as 
abundant in any particular region, as gneiss, mica slate or argillace- 
ous slate, is in another. 

The metamorphic rocks occur in all countries where there has 
been any considerable amount of volcanic action, and their total 
amount is very ^eat ; but their stratification is so confbsed and 
contorted, their superposition so irregular, and denudations have 
been so extensive, that no estimate can be made of their thickness. 
They are, perhaps, equal to all the other stratified rocks. 



SECTION Y. — THS POSSILIFEBOUS BOCKS. 

The fossiliferous rocks are divided into seven systems, which are 
readily distinguished by the order of superposition, lithological char- 
acters and organic remains. These systems are the Silurian, the 
Old Bed Sandstone, the Carboniferous, the New Bed Sandstone, the 
Oolitic, the Cretaceous, and the Tertiaiy systems. There is also 
an eighth system now in process of fi>rmation. 

It is the opinion of some geologists that there is another system 
situated between the metamorphic rocks and the silurian system. 
It has been called by Dr. Emmons, who has studied it with much 
care, the "Taconic System," the Taconic Mountaias, in the 
western part of Massachusetts, being composed of these rocks. It 
is the lower part of what has been called, in England and Wales, 
the Cajrdfrian system. 

The strata of this system have a nearly vertical portion, and 
oonsist principally of bkok, greenish and purple slates, of gteat 
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tihiokness. Granular quartz rook, however, occurs in considerable 
quantity, and in this country two thick and important beds of 
limestone are found. These limestones are' occasionally white and 
crystalline. Generally, however, as a mass, they are a dark, nearly 
black rock, with a network of. lines of a lighter color. All the 
clouded marbles for architectural and ornamental purposes are from 
these beds, and our roofing and writing slates are all obtained &om 
the argillaceous portion of this system. 

The number of species of organic remains contained in this 
system is very small, and these, so &r as discovered, belong to the 
annellida, with a few doubtful cases of mollusca. This system of 
rocks is found coming to the surface in a large part of New Eng- 
land, and the eastern part of New York, also in the western part 
of England and Wales. 

Those geologists who deny the existence of this system consider 
these rocks as parts of the silurian system which have been most 
disturbed by subterranean forces, and most altered by proximity to 
igneous rocks. The annexed sketch (Fig. 7) will exhibit the 
relations here referred to. Certain portions of the silurian rocks 
are supposed to have been thrown into folds by the upheaval of the 
primary rocks. The plications nearest to the intrusive granite 
would be most altered. That part of the figure below the line a a 



Fig. 7. 




represents the outcropping edges as they now appear, the upper 
portion of the folds having been removed by some abrading cause. 
As it is yet uncertain which of these views is correct, conve- 
nience will justify us in retaining the name of Cambrian system till 
further investigations shall settle the question. 
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1. The SUurian System, — The fi)llowiiig tabnlar arrangement 
ezhibita the divisions of the system as reoognized in England, in 
New York, in Pennsylvania and Virginia, and in Ohio. 
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TtoB name, SUurian, was first used to designate the lowest 
well-characterized fossiliferous rocks in England. But it is now 
used to embrace the whole system as it occurs elsewhere. It is 
well exhibited in New York, both in consequence of its great 
development there, and because the whole system is only slightly 
acted upon by disturbing forces, so that the outcropping edge of 
each division extends over a large sur&ce. 

This system is of great thickness, amounting, in places where 
it is well developed, to twenty thousand feet. 

The Champlain division commences with a quartzose sandstone, 
passing gradually into limestone, which is succeeded by a very 
thick argillaceous depont, the Utica slate and Hudson River group. 
The Ontario division in the lower part is a mass of sandstone. 
Above this is the Clinton group, consisting of shales and sand- 
stones. The most important part of this group, in an economical 
point of view, is a fossiliferous, argillaceous iron ore, coextensive 
with the group in this country, and is worked to supply a large 
number of &maces. The last of the division is the Niagara group, 
which commences with a mass of shale, and becoming at length 
calcareous, it terminates in a firm compact limestone. This lime- 
stone has withstood the action of denuding causes better than the 
shales either above or below it. It therefore presents a bold 
escarpment at its outcrop, and occasions waterfalls wherever 
streams of water cross it. The fidls of Niagara are formed by this 
rock. The Niagara limestone, in its extension westward, becomes 
the lead-bearing rock of Missouri, Iowa and Wisconsin. The 
Helderberg diviffl^on is a succession of highly fessiliferous limestones, 
with the intervention of only occaaonal beds of grits and shales. 
One member of the series is the Onondaga Salt group. The water 
obtained from this group in New York annually furnishes immense 
quantities of salt. The Erie division consists of a thick mass of 
shales and sandstones. 

The fossils of this system are very numerous, but consist mostly 
of the bwer fi>rms of animal life. Carais (£1gs. 8 and 9) are 
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abundant, and coiutitnte in eome places a lai^ proportion cpf 
the limeetonee. The Crtnoidea, or lilj-shaped animals, oonnst 



rig. 8. 



of a jointed stem pennanentl; at- 
tadied, and bearing at the free 
exixemity of tlie stem an expand- 
ed portion, irhich is the pelvis, or 
stive cavity. The month u 
f^ Borninnded with a series of leaf- 
z like tentacola, which serve the pnr- 
7 peee of seizing and bidding fbod. 
Fig. 10 represents the pelvis of 
one (^ the alorian ibssilB. The 
general charaater of the animal ia 
better represented by Fig. 80. 
The most abnitdant fossils of this 
period are the lowest orders of 
bivalve moGusca (Fig. 11). The 
Cephalopoda are oharaoteriied hj 
having the or^ns of locomotion attached to the head. The shell 
(£ several species is pecnliar m being divided into distinct cells, or 

Pig. B. 
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diambers (Fig. 12, i d), perfbratedby atnbe (mjAoncsle a). These 
fiiSEdl shells are sometimea strught, bb the Ortfuxeras (Fig. 13), or 



oarved, as shown in tiie Beveral fomu of Fig. 14. The TrilobUe 
Hg. 11. 




D ar^oolated, orustaoeona animal, having two lines along t 

Hg. 16. 

Fig. IS. 




biek dining it into three lobes, boat which (nicniiistanoe its 
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Fig. 13. 
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is derived. It is found in great 
nambeis in the ^urian rocks 
(Fig. 15). In a few instances 
remains of fishes have been 
found, but they bj no means 
characterize the system. 

The geographical range of 
this system is probably great- 
er than that of any system of 
rocks above it. It is found 
occupying a large pajrt of the 
territory west of the Allegha- 
ny Mountains, from Canada, 
through New York, and the 
other states, to Alabama ; and 
extending westward to and 
beyond the Mississippi river. 
It occupies a large district in 
the west of England, and is 
found in great force in the 
north and east of Europe. 
2. The Old Red Sandstone, — This formation consists almost 
entirely of a sandstone of a red color. It admits of division into 
three parts, though the characters vary in different places. The 
lowest is a thin-bedded argillaceous sandstone, consisting of finely 
levigated material, and easily splitting into thin sheets. From this 
circumstance it has received the name of tUest<me, The middle 
portion is composed of nodules or concretions of limestone im- 
bedded in a paste of red sand and shale. This has been called by 
English geologists, comsttme, and though very partially developed 
in some regions where the system is found, it is yet a very persistent 
member. The highest member of this formation is a mass of red 
sandstone, oflen passing into a coarse conglomerate. In England 
the thickness of the Old Red Sandstone is not less than ten thou- 
sand feet. In this country it is scarcely three thousand feet 
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Tbefbeulaof ihissyBtemareafensIiells.asmall oumberof veg- 
etable spe(»e3, and in particular localities llie remains of fislies ia 
great abundance. The system ia char- ^, le. 

acterized principally by ibaaila of liua 
last kind. The fishea of this system 
have a cartilagiaouB skeleton, but are 
covered with plates of bone, which 
were &ced eEt^rnBlly with enameL 
The jaws, which cooaisted of solid 
bone, were not covered with integn- 
ment. The exterior bony covering 
seems to have been the true skeleton, 
as is, ia part, the case with the tor- 
toise. In some of the fishes of this 
period there is a wing-like expansion 
on each side of the neck, which has 
given them the name of Pterycf^ 
thU (Fig. 17). In others, as the Ce- 
phaiaspis, the plate of bone on the 
back is so lai^ as to cover nearly 
the whole body, and make it leecmble 
a trilobite {Fig. 16). 

This system has an estensive geographical range. In England, 
it occupies a band of several miles in width, extending liom the 
Welsh border norihward tirough Scotland to the Orkney Islands. 
In this conntry, it fcrma the Catskill Mountiuns, in New York, 
and extends south and weat so as to underlie the coal-fields .of 
Pennsylvania and Virginia. 

3. The Carbonifermts Si/stem. — This ayslem consiafa of three 
parte, dbtinguiahed by lithological and fosail characters. 

The carbonifeTous limestone is a dark-colored, compact lime- 
stone, forming the base of the syslem, and reposing on the old red 
sandstone. Its thickness is from Eis hnndred to one thousand 
feet, oftm with scarcely any intermixture of other rock ; but it 
sometimes loses its character of a limestone, and becomes a aand- 
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stone, or conglomenite. It genenUj coaluns tlie ores of lead !& 
ooiuideiable quantity, and from this drcutnatance has been called 




melalliferoKS limestone. In England it is the principal repo^- 
toTj of tliese ores. In the Western States it is the npp^r portion 
of the lead-bearing strata. 

The fossila are marine, and reiy numerous. Corals and cri- 
noidea are verj abundant. The crinoidea, in some localities, fbrm bo 
large a part of the rock as to hare given to it the name of encrinal 
limestone. The ortlioccras and trilobit« are fbnnd, bat bcoome 
extinct with this formation. Several species of bivalves, such as 
Delthyria and Leptfcna, are also common. 

^Text above the limestone lies the sandstone, sometimes called 
millstone grit. It is generally drab-colored, but occasionally red. 
Its tluckncgs is often equal to that of the limestone. Sometimes 
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it is fine-grained and compaot ; but generally it is coarse-grained, 
and often passes into a conglomerate. It contains but few fessils, 
and those of vegetable origin. 

The highest part of the system is the coal measures. They 
consist of beds of sandstone, limestone, shale, clay, ironstone and 
coal, occurring without much uniformity in their order of super- 
position. The coal measures have a thickness of about three thou- 
sand feet. The sandstones and limestones are not distinguishable 
from the sandstones and limestones in the lower part of the sys- 
tem. The ironstone either occurs in concretionary nodules, often 
formed around some organic nucleus, or it is an argillaceous ore, 
having a slaty structure. In either case, it consists of subordinate 
beds in the shale. The coal consists of several beds distributed 
through the measures. The beds vary in thickness from a few 
lines or inches to several feet. In a few cases beds have been 
feund measuring fifty or sixty feet in thickness. The workable 
beds are ordinarily from three to six feet thick. 

The carboniferous formation is very much disturbed by dikes, 

see also Fig. 50), 
and other disloca- 
tions. The amount 
of change of posi- 
^ tion in the strata, by 
faults, is very va- 
rious; frequently 
but a few feet. In 
one case in England there is a fault of nearly a thousand feet. 
There is a case of dislocation in Belgium where the strata are bent 
into the form of the letter Z, so that a perpendicular shaft would 
cut through the same bed of coal several times. 

The characters and order of superposition which have now been 
^ven may be regarded as the general type of the carboniferous 
formation. There are, however, several important modifications. 

1. Beds of coal sometimes alternate with beds of millstone grit. 

4# 
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ThoB, in SooUand and in the north of England, this intermediate 
member of the system disappears, or, rather, is incorporated with 
the ooal measures. The same is true, to ooncdderable extent, in 
this country. 2. Sometimes the carboniferous limestone also dis- 
appears as a distinct member of the system, partly by becoming 
arenaceous, and partly by the intercalation of beds of coal. In 
this last case, the whole formation from the old to the new red 
sandstone becomes a series of coal measures. In this country the 
carboniferous limestone is found very generally to underlie the 
coal strata. 3. The fractures and fiiults, which were formerly sup- 
posed to be characteristic of the coal formation, are seldom found 
in the great coal-fields of this country, except in those of the 
anthracite coal of Pennsylvania ; and even there they are much 
less common than in the coal-fields of Europe. 

There are three principal varieties of coal, distinguished by the 
different proportions of bitumen which they contain. The common 
bituminous coal kindles readily, emits much smoke, and throws 
out so much liquid bitumen that the whole soon cakes into a solid 
mass. It contains about forty per cent, of bitumen. The second 
kind, or cannel coal, contains twenty per cent., and inflames easily, 
but does not agglutinate. The stone^xwl, or anthracite, contuns 
scarcely any Htumen, ignites with difficulty, emits but little smoke, 
and produces a very intense heat. The bituminous varieties are 
always found in the least disturbed portions of the coal districts ; 
and the anthracite is found in the more broken and convulsed por- 
tions, where we may suppose that the subterranean heat has been 
sufficient to drive off the volatile bituminous part, and reduce it 
to the anthracite form. Hence the eastern Pennsylvania coal- 
fields, which lie near the principal axes of elevation of the Appa- 
lachian Mountains, Ornish only anthracite ; while the same coal- 
seams, in their extension to the western part of the state, are 
bituminous. 

\V^here coal is quarried in large quantity, a shaft is sunk through 
the overlying strata to the coal-beds, and the coal is raised to the 
sorfooe by steam power. After the coal has been quarried to som^ 
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disf-anoe from the shaft, pillars of unqaarried coal are left to sup- 
port the overlying strata. Fatal accidents have sometimes occurred 
by the giving away of these supports. Over a large part of the 
coal-fields of the United States it has not yet become necessary to 
sink shafts. The quarrying is commenced at the outcrop of the 
ooal-bed ; and, till the cover becomes of considerable thickness, it 
has been found economical to " strip " off the overlying rock, rather 
than to work a subterranean gallery. 

Brine-springs are often found in the coal measures of sufficient 
strength to be used in the manufacture of salt. This is now done 
to considerable extent in Ohio. In the valley of the Kenhawa 
river, Kentucky, the rocks of which belong to the carboniferous 
system, the brine is nearly saturated with salt; and in some of the 
borings they have even discovered beds of rock-salt of great thick- 
ness and purity. 

There is no other part of the geological series so obviously con- 
nected with national prosperity as the coal formation. While a 
country is new, the forests furnish an abundant supply of fuel ; but 
in the course of a few years these are consumed. This country will 
soon be principally dependent upon its coal-mines for fuel, even for 
domestic purposes ; and, in carrying on the great branches of 
national industry, such as the smelting and working of iron, and 
in the fi)rroation of steam for the purposes of manu&ctore and 
transportation, we are already mainly dependent upon mineral 
ooal. A nation which does not possess an abundant supply of this 
mineral, or which does not tcse ity cannot long maintain a high 
degree of national prosperity. 

In these inexhaustible masses of coal,' accumulated ages before 
the existence of the human race, is a most obvious prospective 
arrangement fi)r securing our happiness and improvement. And 
this arrangement embraces not only the aocumulation^of a com- 
bustible material in such abundance, but also its juxtaposition with 
an equally inexhaustible accumulation of iron ore, and the limestone 
which is necessary as a flux in the reduction of the ore. So bulky 
and heavy materials as coal and iron ore could neither of them 
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}ta,yo been transported to any conudenble distance fiir the mann- 
fiutnre of iron ; and. without the manufactnie of iioa on a large 
Boale, the present operatioDfi in manu&ctures and transportation 
oonld nerer have been entered npon. A large proportion of the 
mm fnmaoes in this ooontiy, and nearlj all of them in Great 
Britain, employ mineral ooal for fuel, and <^t^ their ore from 
the beds oontiuned in the ooal measures. 

The ftadls of the coal measores are almost entirely of vegetable 
origin, and are very nbundant. Xbej aie seldom fbond in the 
ooal-beda, but in the etrata of 
shale iitiiMi^ilhitd)' abuvo or 
beloiT lliu Hilid uoul. 
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The Stigmarta (Fig. 19) is found most abundantly, and in a 
large proportion of cases to the exclusion of every other form, in 
the lower flhiiles. It consisted of a large dome-shaped mass, often 
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three or four feet in diameter, with truling branches, or roote, 
spreading off horizontally to a diatance of twenty feet. In a 
few ioBtaDces tree ferus have been found, petrified in a horizontal 
poHitioD, and b^ng apparently a mere continuation of the stigmaria. 
Hence the Btigmaria hna been supposed to be the base of the tall 
tree ferns, the leaves of which so abound in the upper shales. If 
this is not the case, there are no forms of the existing flora of the 
earth analogous to the stigmaria. It is always found in connection 
with the coal-beds of the carboniferous formation, and never with 
the coal-beds which sometimes occur in the later formations. 

The tree ferns (Fig. 20) attained a height of fifty or Mity feet, 
and a diameter of four feet. They have received the name of 
Sigillariaia onisequence of the seal-like impressions (Fig. 21) 
Fig. 20. 




with which the sur&oo is covered, and which are 
where the fronds have fallen off. These fronds (fern leaves) are 
the most abundant fossil of the series. They are distinguished by 
eome peculiarity in form, as the Spbeaopl«ria (wedge-shaped fern 
leaf), Pachyptcris (thick fern leaf), &o. (Figs. 22 and 23.) 




There was aooUier kind 
of Sigilkria (Fig. 24), in 
which the aurfiice was fluted, 
and the marking are super- 
ficial, and occur on the 
It reached as great 
a size as the tree ferns, but 
to what general class of 
plants it belonged is still 
doubtful. 

The Lepidodendron (scole-oovered tree) (Fig. 25) is the fbeul 
which moat nearly resembled in general appearance oar present 
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forest trees. Specimens are found four feet in diameter and 
seventy feet in height. In botanical characters it resembled, in 
some respects, the trailing club-mosses, while in others it was very 
similar to the Norfolk Island pine. 

The Calamite (Fig. 26) was a plant resembling, in its jointed 

Tig. 26. 




and striated surface, the eqnisetum (rush), but was sometimes 
twelve inches in diameter. 

The carboniferous formation exists more or less abundantly in 
all the great divisions of the earth. It o<K;urs in nearly all of the 
countries of Europe. The largest deposits known are, however, in 
the United States ; especially in the States of Pennsylvania and 
Virginia, and in Ohio. 

4. The New Red Sandstone, -r- The lower division of this form- 
ation, called the Permian system, consists of a thick mass of sand- 
stones, generally of a red color, with occasional alternations of 
argillaceous rock, succeeded by a series of magnesian limestones. 
The upper division, or Triassic system, is composed of a red con- 
glomerate, a limestone which has received the name of Muschel- 
kalk (shelly limestone), and a series of variegated marls and sand- 
stones. 

The ores of copper are found, to considerable extent, in this 
formation. The rich copper mines of Germany are in the mag- 
nesian limestone, or, as it is there called, Zechstein (minestone). 
The Lake Superior copper mines occur in a red sandstone forma- 
tion, which will probably be ibund to belong to this system. 

The salt-beds, salt springs, and beds of gypsum, are so gen- 
erally £)und in this rock in England, that it has been called by 
the English geologists the " saliferous system.** It is, however, 
&and that in other countries these minerals occur in equal abao- 
dance in formations of an earlier and later date. 
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The fi»li of this aygtem ire not abundant. In the Pemiui 
portion, impreasions of fiahea are fbond, always with the peculiarity 
that tlM tttil ia heterocereal (Fig. 27) ; that is, with the spine ood- 




tmaed into the upper lobe. The same peoiUiarit; prevuls in the 
carboniferous and all the earlier fbrmationa. Fishes with the tul 
homocercal begin to appear in the TriaBsic portion of this system, 
and are found in all the Bubeequent formatioos. The remains of 
sauiians alaa occur in this fonnatiiHi. 

Tbe red aaudstiHiee seem to have been better adapted to retun 
the forms wh oh were mpreeaed npcm them than to preseQ^e tbe 
M^jamo remains wh oh were depoe ted m them Hence, whilo 




they oontain bnt few feesils the atrata are often ooyered witli 
ripple marks with sun oracks cocas oned by eontractiOQ while dry- 
ing, or With depress ons produced by run-drops, and the pita are 
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sometimes so perfect as to show the direction of the wind when 
the drops fell. (Fig. 28.) The tracks of animals are also well 
preserved. Some of them were produced by reptiles (Fig. 29, 
c), and some probably by marsupial animals, but most of them 
by birds (a, b). President Hitchcock has distinguished the tracks 

Bg. 29. 
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of more than thirty species in the sandstones of the Conneoticat 
valley. Birds, reptiles and marsupial animals, seem to have been 
first introduced during this period. 

The new red sandstone is well developed in all its members on 
the continent of Europe. In England, all the members are pres- 
ent, except the Muschelkalk. The Triassic portion of it occurs in 
North America. It is found in detached portions, probably as 
parts of a continuous formation, in Nova Scotia, the eastern part 
of Maine, the Connecticut valley, and from New Jersey southward 
through Pennsylvania, Maryland, &c., to South Carolina. 

V. The Oolitic System. — The lower portion of this system is 
the lAas, and consists of a series of fissile, argillaceous limestone, 
marl, and clays. The Oolite forms the intermediate member of the 
system, and consists of alternations of clay, arenaceous rock and 
limestone. Some of the limestones have an oolitic structure, and 
tiie whole system takes its name from this circumstance, though 
this structure is not found in all parte of it, and is often found in 
other formations. The central part of the oolite, the coral rag, is 
principally a mass of corals and comminuted shells. The Wealderif 
the highest member of the oolitic system, is an estuary deposit, 
consisting of calcareous beds, followed by sandstone, and termi- 
nated by the Wealden clay. 

This system is throughout highly calcareous, and j^imishes, 
wherever it is developed, valuable materials for architectural and 
ornamental purposes. 

This system is distinguished for the great amount and variety 
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of its or^nia remaim. The cegetaile produetiont were inter- 
mediate belireen Uuwe of the coal period and thoee of the present 
time. The upper oolite, in the 
south of England, ccntains the 
stumps of trees and other jJants, 
rootod in a black carbonaceonB 
layer, evidently the HOil &om which 
4kki^ they grew. These Btnnipe and pros- 
^ -^?i*' ^j^ trunks are the temaina of 
sd\\^^^ coniferons trees of large growth. 



(Fig. 30.) 
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Corals occur in great ahondance ; 
also encrinitcs (Fig. 31), mollusks (Elg. 
32), and cephalopoda. 

But this system is specially charao- 
Eg. 35. 




terized by the Teniuns of sanriau 
reptiles. The Ichtkyosaurta (Fig. 
88, a) was a marine animal, having the general form of a fish, 
while its head, and especially its teeth, resemble thoee of the croo- 
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odile. It was an air-breathiDg animal like the cetaoea, and was 
furnished with similar paddles. It was camivorous, and was 
undoubtedly the largest and most £)rmidable animal existing in 
the earlier part of the oolitic period. Its length could not have 
been less than thirty or forty feet. , 

The Plesiosauncs (Fig. 33, b) was also a marine animal, and in 
many respects similar to the Ichthyosaurus ; but its general form 

Pig. 33. 
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was more slender, its head was small, and its neck was of great 
length, the cervical yertebrad exceeding in number those of the 
swan. 

The Pterodactyle (Pig. 34) was ^ 3^ 

a small saurian, of the size, proba- 
bly, of our largest eagle. The 
finger-bones, which in the other 
saurians form the paddles, are in 
the Pterodactyle very much length- 
ened, so as to support a membran- 
ous expansion, like that of the bat. 
These wings were of sufficient size to enable it to sustain itself 
in the air, and to make a rapid and easy flight. 

The Iguanodon is a Wealden fossil, remarkable for its great 
magnitude. It is estimated that its length was seventy feet. It 
was a lizard, adapted for motion on land, and was herbivorous. 

This formation is well developed in England, and, with the 
exception of the Wealden, on the continent of Europe. It has been 
supposed that no part of the oolitic series was to be found in this 
country; but there is a highly arenaceous rock occupying the 
valley of the James river, in the vicinity of Eichmond, Virginia, 
of considerable extent, and a thousand feet in thickness, oontaiaing 
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a bed of ooal of fi)rty feet in thickness, which, from its fossils, must 

be referred to the oolitic series. 

6. The Cretaceous Formation, — The lower part of this forma- 
tion consbts of greensandf interstratified with beds of clay. The 
intermediate portion is a mixture of argiUaceous green-sand and 
impure chalk. The upper part is composed of chalky which is a 
friable, nearly pure carbonate of lime. The strata of chalk are 
separated, at intervals of from three to six feet, by layers of flint, 
either in the form of nodules or of continuous strata. 

These characters, by which the cretaceous system is known in 
England, are but partially recognized elsewhere. Thus, in the 
Alps, the " Neocomian System," consisting of crystalline limestones, 
is the equivalent of the English greensand ; while the greensand 
of this country is the equivalent of the white chalk of England. 

The fossils of the cretaceous formation are very di£ferent from 
those of the oolite, and are such as to show that it was deposited 
in deep seas. Microscopic shells are often so abundant as to con- 
stitute a large proportion of the mass. Zoophytes are very 
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numerous, such as sponges, corals, star-fishes (Fig. 85, d e), and 
a few crinoidea {h). Mollusks were also abundant, and cephalo- 

Bg. 86. poda, consisting of cham- 

ber-shells and belemnites 
(Fig. 36). The belemnite 
probably resembled the ex- 
isting cuttle-fish; but the 
remains consist, in most 
cases, of a partially hollow calcareous substance {h), which was con- 
tained within the animal, and formed it^ skeleton. 

The chalk and greensand are largely developed in England ; 
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and the same fonnation, with different lithological charaoters, hi 
found in great force flanking the principal mountain ranges of 
southern Europe, and extending into Asia. In this country the 
system commences with the greensand and friable limestones of 
New Jersey, and following the Alleghany range to its southern 
termination, it bends around into a north-western' direction, and is 
continued into Missouri. 

7. The Tertiary System, — The tertiary strata embrace the 
formations from the cretaceous to the human era. They conast 
of clay, sand, sandstone, marl and limestone, and are distinguished 
from the lower rocks by being less consolidated ; though the lime* 
stones are in some instances solidified, and resemble the strata of 
earlier origin. The tertiary strata are generally of less thickness 
than the older formations, and less continuous, being local deposits 
formed in lakes and estuaries. In a few ins&nces they have 
been thrown into inclined positions, though in most cases they 
have been but slightly disturbed, and raised but a few hundred 
feet above the present level of the sea. 

The late tertiary strata seldom overlap the older, so as to indi- 
cate their relative ages by superposition. They have therefore been 
separated into groups according to the proportions of living and 
extinct species of shells which they are found to contain. The 
oldest tertoary or EoccTie formcUion^ contains only four per cent, 
of living species, the Miocene contains seventeen per cent, the 
Fleiocene forty per cent., and the Pleistocene ninety per cent. 

During the pleistocene period, peculiar conditions existed, by 
which a great amount of loose material, known by the name of 
drifty was spread over the northern portions of both hemispheres. 
In America it is found &om Nova Scotia nearly to the Bocky 
fountains, and extending as ^ south as Pennsylvania and the 
Ohio river. In Europe, it is found from the Atlantic to the Ural 

*JSds, dawn, and kainos, reeeni. The formation which oommenoed ftt tkt 
dawn of the recent period, containing bat a small number of living ipeoiea. 
Miocene (meion, less), less recent than the Pleiooene (pleum, more). 
Pleistooene {pUu^ot, most), most recent. 

5* 
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Monntainfly and reaching soutli into Gennany and Pc^and. It is 
alao found in the colder portimia of South America, and in the 
vioinitj of several mountains, as the Alps. 

It consists of irregular accumulations of earthy substances 
of different degrees of fineness, but characterized by containing 
masses of rock of considerable size, ofben of many tons weight, 
called boulders. Bocks having the same lithological characters 
exist in situ north of where the boulders and other drift are now 
found, though at a distance often of one or two hundred miles. 
There can be no doubt but that the drift has been transported from 
these northern localities; and the polished, striated and grooved 
condition of the rocky surface, wherever the drift is distributed, 
has obviously been produced by the passage of the drift materials 
over it. 

Towards the close of this period, while the land was a few hun- 
dred feet below its present level, there were deposited in the val- 
leys of the drift region beds of blue and gray day, materials 
which are used in making bricks and coarse pottery ; also beds of 
sand, sometimes evenly spread out, but often thrown into irregular 
mounds and ridges. 

In regions which are not covered with drift, — as the south of 
Europe and the United States, — the pleistocene deposits are 
succeeded, without apparent change of conditions, by those whidi 
are now taking place. 

The formations of the tertiary period are distinguished fiom 
those of the cretaceous period by the absence of deep-sea fossils, 
and ftom the oolite by the absence of its characteristic saurians. 
The mollusks are also very different, such genera as the cere- 
thium (Fig. 37), murez (Fig. 38), and conus (Fig. 39), which 
abound in the present seas, first appearing in the tertiary period. 
The nummulite (Fig. 40), a peculiar form of chambered shell, is 
so abundant as to constitute in some places almost the entire rock. 

The period is however characterized by the existence of a large 
number of pachydermatous animals, of which the tapir, hog, horse 
and elephant, are examples of living species. 
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The PaUolherhim (Fig. 41] resembled, in most leepeots, the 
tapir. It was fumietted with a short proboeus, and iJia fbot vaa 




dirided inbi three toes. The length of the liirgest species ww 
about that of the hone; but ita body was larger, and it was of leat 
hog^t. 

Fg.il. 




Tbe Anoj^othermm (Fig. 42) was a more slender animsl, and 
resembled in size and general ibnn the gazelle. 

The Megatherium, an animal of the lata tArtiary epoch, was 
larger than the existing speraea of elephant, and in its geoerBl 
Btmomre and habita resembled tlie sloth. 

The Maitodon (Fig. 43) lived during the latest portion of the 
tertiary epoch. Its reniains are found most abundandj' where the 
animal seems to have perished by pinUng into iJie soft marshy 
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gronnd near the braokuh springa of New Yozk and Kentuokj'. 

But the; ue fimnd aJso in Europe and Asim. It nu lai^er 

Hi. a. 




than any existing land animal, and was nearly allied in stmo- 
tore and habits to the elephant. 

The Mammoth was a spedes of elephant, now extiiiot, of wMdi 
remains are Ibiind with those of the mastodon, but in the greatest 
abundance in Europe and Asia. A large number of skeletons, 
many of tbem unperfect, have been discovered in the low groimds 
in the south-east of England. It was this animal which was 
found encased in ice and sand in Siberia, in 1804. 

Contemporaneously with the existence of these hoge animals, a 
near approach was made to the present Jauna of the eartli, by the 
introductioa of ruminant animals resembling the ox and deer, and 
espe<nally by tike existence of tbe class of "■'""tl" which in ana- . 
tomical oharaoters stands next to man, Uie apes and monkeja. 

The tertiary system, though not generally so ctmtumouB over 
extended areas as the older fbrmatioDS, yet oonstitates tiie surfaoo 
of a very large part of Europe. (See E^. 69.) In the United 
States the earlier portion is &and along the seaboard, from New 
Jersey to Louinana, and extending baok towards the moantuns to 
tt distance varying fifnn. ten to one haadred milea. The later 
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deposits are found in detached portions throughout the Eastern add 
Middle States. It covers a li&rge sur&ce in South America, and 
is fi)und in India. 

8. The Recent Formation, — It is intended to embrace in this 
term strata which have been formed since the creation of man. 
It is, however, impossible to separate them by any well-defined 
characters from those of the tertiary period. The recent fi)rmation 
consists of land which is forming by the filling up of lakes, and by 
the increase of deltas &om the accumulated sediment which rivers 
have furnished. 

There is, however, no doubt but that formations on a large 
scale have continued in progress over extensive areas of the bed 
of the sea ; and they have been no less rapid, we may presume, 
than they were in earlier periods. But, though they are preserv- 
ing the records of the present era, they will probably remain in a 
great measure inaccessible for many ages. 

These deposits, so &r as they are accessible, are found to con- 
tain the remains of plants and animals (including man) now living 
in the vicinity where the deposits are forming. 



SECTION VI. FOSSILS. 

Any organic substance imbedded in a geological formation, or 
any product of organic life, as a coprolite or a coin, or any mark- 
ing which an organic substance has given to a rock, is regarded as 
a fossil. The study of fossils, as a branch of practical geology, 
requires an acquaintance with the principles and the minute 
details of botany and zoology. Without this knowledge, however, 
many of the general conclusions to which the study of fossils has 
led may be understood. 

1. Fossils are preserved in different toays. — When any 
organic substance is imbedded in a forming rock, it may itself 
remain ; or it may be removed by the infiltration of water, or other 
causes, so gradually as to leave its form, and even its most delicate 
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markings, in the rock ; or some mineral subetance may Have been 
sabstituted, and fill the space which the organic substance once 
occupied ; that is, it may be an organic substance preserved, it 
may be an impression of it, or it may be a cast of it. 

2. The process by which the substitution in this last case is 
effected is called mineredization. The mineralizing ingredient is 
generally derived from the condguous rock. In siliceous rocks it 
is silex. In calcareous rocks it is carbonate of lime. When iron 
is diffused through a rock, it often becomes the mineralizer. The 
substituted mineral is generally a very perfect representation of the 
original fossil. We cannot therefore suppose that the ori^nal 
substance was entirely removed before any of the mineral matter 
was deposited. The substitution must have taken place particle by 
particle, as the organic matter was removed. Fossils are, in foct, 
oflen found, in which the mineralization has been arrested after it 
had commenced, so that the fossil is in part an organic and in part 
a mineral substance. It has been proved, by direct experiment, 
that these changes of removal and substitution are simultaneous. 
Pieces of wood were placed in a solution of sulphate of iron. 
After a few days, the wood was found to be partially mineralized, 
and after the remaining ligneous matter had been removed by 
exposing it to a red heat, " oxide of iron was found to have taken 
the form of the wood so exactly, that even the dotted vessels, 
peculiar to the species employed, were distinctly visible under the 
microscope." 

8. As the fossiliferous strata are generally of marine origin, it is 
to be presumed that only a small proportion of terrestrial animals 
are preserved ; and our knowledge of the organic remains which 
are preserved is yet so imperfect, that discoveries are constantly 
making, as examinations are extended. Still, enough is known to 
enable us to draw some satisfactory conclusions oaio the order in 
which livi7ig beings were created upon the earth. 

Though most of the earlier organic forms which have been pre- 
served are of animal origin, yet vegetable remains occasionally 
occur in connection with them, and we must suppose vegetables to 
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have been produced abundantly. For all animal food oonsiste of 
vegetable substances, or of animal substances which have once 
existed in the vegetable form. No animal is capable of effecting 
those combinations of inorganic matter upon which its growth and 
sustenance depend. We may therefore conclude that the intro" 
duct ion of animals and vegetables was contemporaneous. 

The greatest development of vegetable life was, however, during 
the carboniferous period. The design of this abundant growth was 
prospective. It was not produced for the support of animal life, 
but fi)r fuel, and stored till man should be introduced, and so &x 
advanced in civilization as to make this supply of carbonaceous 
matter subservient to his wants and happiness. 

In the earlier periods, the lower forms of animal life were, 
beyond all comparison, the most abundant ; yet the four great 
divisions of the animal kingdom, Eadiated, Articulated, Mollus- 
cous, and Yertebrated animals, were all represented. There is, 
however, no evidence that any vertebrated animals, except fishes, 
were created till after the carboniferous period. In the next 
formation, the new red sandstone, we find the tracks of reptiles 
and birds, and probably of marsupial animals. The first evidence 
of the existence of mammalia in great numbers is in the tertiaiy 
period, when the pachydermata and edentata were so much more 
abundant than they have ever been since, and when the bimana 
first appear. 

But there is no evidence from geology that man existed till 
after the close of the tertiary period. The grounds upon which 
contrary statements have sometimes been made are untenable. In 
Ohio a very perfect impression of a human foot was found on a 
slab of limestone of the silurian age. But it was subsequently 
ascertained to have been common for the aborigines, in the vicinity 
of their encampments, to cut in the rocks, with surprising aocu« 
racy, the forms of the tracks of man and other animals. 

There is a human skeleton in the Britbh Museum imbedded in 
solid limestone, and another in Paris, both taken from Guadaloupe. . 
It was at one time supposed, from the degree of solidificatioa of 
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the limestone, that it mnst have been formed at an early geolo^cal 
period ; but it is found that the beach-sand of that island now 
solidifies rapidly, from the oarbonate of lime which the waters there 
hold in solution. It is rendered probable that the skeletons found 
there have not been buried more than a century and a half. 

4. As many parts of the bed of the present seas, which are 
probably receiving detrital matter constantly, are unfayorable jfor 
the development of animal life, while other parts are highly 
fiivorable, it might be presumed that animal life wonld be equally 
scanty in particular localities while the earlier rocks were form- 
ing, and in other localities very abundant Hence some strata, for 
hundreds of feet in thickness, are composed almost entirely of fbs- 
enls, while other strata are nearly or quite destitute of them. The 
same member of a formation may in one place be full of fossils, 
and in another without them. The distribtUion of fossils is 
therefore subject to no general law ; at least, none of which we can 
avail ourselves, in the search for them. 

5. The value of fossils in' geology consists in the use which is 
made of them in determining the origin arid age of strata. 

As the animal species which inhabit bodies of fresh water are 
always different from those found in the sea, their remains consti- 
tute the best means of determining whether a formation is of fresh 
water or marine origin. In order to decide this point, it may, in 
some cases, be necessary to be acquainted with the habits of par- 
ticular species. In most cases, however, it will be sufficient to 
remember that in fresh-water formations, first, there are no 
Hff. 44. sponges, corals, or chambered shells ; second, 

the univalves all have entire mouths (Fig. 
44). Third, the bivalves are all bimuscular 
(Fig. 47). If, therefore, a formation is found 
to contain sponge, coral, a chambered shell, 
a univalve with a deeply notched mouth (Fig. 
45), or a unimuscukr bivalve (f^g. 46), it 
must be considered a marine formation. 

We have seen that the same formation, as 
exhibited in different places, differs in its 
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thickness, oomposition and degree of solidification. If we could 
trace the strati^ through all the intermediate space, we might be 
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Fig. 46. 
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certain of their being the same formation, notwithstanding the 
change in lithological characters. But this can seldom be done, 
even for a few miles in extent. Sections of the strata are obtained 
only occacdonallj, where rivers have cut through them, or where, 
over limited areas, the soil has been removed from the outcropping 
edges. It is also firequentl j the case that the strata are so much 
disturbed that their position will furnish no aid in determining their 
age. When folded axes occur (as here represented), the older strata 

are often the up- 
permost. There 
is an instance in 
the Alps in which 
strata of vast 
thickness have 
been inverted du- 
ring the process 
of upheaval, and 
now rest on a 
bed of zock formed j&om the debris which they had supplied. 

6 
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And yet it is important to detennine what formations are of the 
same age, notwithstanding their disphioements, difference in litho- 
logical characters, and separation by great distances and by moun- 
tains or oceans. This determination can be made only by a com- 
parison of the imbedded fossils. It is found that every formation, 
and every important member of a fi)rmation, contsdns an assem- 
blage of fossils peculiar to itself. When very widely separated, 
the species of fossils may not be identical, but so very similar that 
they are regarded as equivalent species. The identification of 
foTTnations consists in the identification of fossils. It is for this 
purpose mainly that fossils are regarded as of so great importance. 

6. If each formation is characterized by the presence of new 
species, it fellows that the work of creation was a progressive one^ 
continued through long periods of time. The latest creation of which 
we have any geolo^cal evidence is that of man. And if the lead- 
ing design of the existence of this earth was as a theatre for the 
development of moral character, it is to be presumed that the work 
of creation ceased when a species possessing moral capadities had 
been introduced. 

It follows also, from what has been said, that there has been a 
constant disappearance, a death, of species. It would seem that 
each species has a life assigned to it, which is to be completed and 
surrendered. Though its continuance is many times longer than 
the life of any individual of the species, yet it is the course of 
nature that species should disappear. 

There may be something in the constitution of each species by 
which its continuance is limited, making an old age and death 
necessary, as it is in individuals. But there are other causes by which 
the duration of species may often be terminated. The subsidenoe 
of New Holland would cause the destruction of a large number of 
species. The preservation of the human species was at one time 
effected only by a special and miraculous interference. Slowly oper- 
ating causes are now at work, by which many species, such as the 
elephant, wolf and tiger, will at length become extinct. Thcnr 
existence in a natural state cannot long be continued in a civilized 
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country. The forest, their natural abode, disappears, and some 
are intentionally destroyed, because they render life and property 
unsafe. Under the operation of these causes, the Irish elk (cervus 
giganteus) has become extinct, probably within the human era. 
The Dodo, a gallinaceous bird, found living when maritime com- 
munication between Europe and the East Indies was first estab- 
lished, is now extinct; The Apteryx, a bird belonging to New 
Zealand, has probably become extinct since the commencement of 
tiie present century. 



SECTION Vn. THE TIME NECESSABY POB THE FORMATION OF THE 

STRATIFIED ROCKS. 

There are no means of which the geologist can avail himself to 
determine the antiquity of the earth, or the amount of time since 
the sedimentary deposits commenced. But a high degree of 
antiquity may yet be shown. 

The materials for all tiie stratified rocks have been obtained 
by the destruction of previously solidified igneous rocks. This 
destruction may have been accomplished in part by the operation 
of volcanic fiirces, but much of it is the result of slow disintegrar 
tion, and of the eroding power of running water ; and we can 
scarcely conceive of a period sufficiently protracted for such 
results. 

This conclusion of the high antiquily of the earth is confirmed 
by observing that the stratified rocks consist of layers oflen not 
thicker than sheets of paper, and probably not averaging the tenth 
of an inch ; and yet each layer is separate from the rest^ in conse- 
quence of some change in the conditions under which it was depos- 
ited. Each layer was probably produced by the deposition of all 
the sediment furnished at one time, and hence only as many layers 
would be formed in a year as the number of freshets in the rivers 
which ftimished the materials. If we consider the fossiliferous and 
metamorphic rocks to be each forty thousand feet in thickness, — 
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which is not too large an estimate, *— we must reckon the years by 
hundreds of thousands to make the time sofficienilj ezt^ded &r 
the result. 

All the formations of any considerable extent now above the 
sur&oe of the sea existed before the creation of man, for none 
of them contain any evidence of the existence of human bdngs; 
and if they had existed while these strata were forming, sufficient 
evidence would have been left of the &ct, either in the form of 
fossilized human bones, or of works of human art. Hence, what- 
ever be the estimate which we form of the antiquity of the earth, 
from the slowness of denudation, or from the thickness of the 
strata, we must now add to that estimate the period elapsed since 
the creation of the human species. 

We have seen that at different periods of the earth's history dif- . 
ferent species of animals inhabited it. We are unable to fix with 
accuracy the ordinary duration of species. But the species which 
are now extinct probably had an existence as long-continued as 
will be enjoyed by species now living. Many recent species are 
known to have exbted at least nearly six Ihousand years, without, 
in most cases, any indications of their soon becoming extinct. 
Whatever period be assigned as the ordinary duration of species, 
that period has been several times repeated ; for the earth has been 
several times re-peopled, and every time by species which had not 
before existed. 

Moreover, the amount of organic matter in the strata must 
have required long periods of time for its accumulation. The 
vegetable deposits, now converted into coal, are generally several 
feet thick, and often over a hundred feet, and are known to extend 
over several thousand square miles, both in this country and in 
Europe. Many of the sedimentary rocks consist almost entirely 
of animal remains. The mountain limestone, for instance, is eight 
hundred feet or more in thickness, and in some places consists of 
the exiiviffi of encrinites and testacea. 

In other cases the length of time required is shown, not from 
the amount of organic remains, but from the evidence that they were 
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depoflited very dowlj. The polishing stone called tripoli is found 
in beds of ten or twelve feet in thickness, and is composed entirely 
of the siliceous shells of animalcules, so minute that, according to 
ihe estimate of Ehrenberg, the number in a cubic inch is forty-one 
billions. Several other rocks, such as semi-opal and flint, are some- 
times ^nd to have a similar constitution. The time necessary 
for the accumulation of beds several feet thick by the shells of 
animalcules so minute must have been very great. 

Each of these facts carries us back to a period immeasurably 
anterior to the creation of man, as the epoch when the sedimentary 
deposits commenced. There are no &cts in geology which point 
to a different conclusion. It is of the utmost importance to the 
geological student to familiarize himself with this principle. It will 
assist him in comprehending the greatness of geological changes, 
and in applying other principles in explanation of geological 
phenomena. 

This principle, so obvious to any one who allows himself to 
reason from the &,cts which geology presents, has sometimes been 
regarded as at variance with the Mosaic account of the creation. 
And if this account really assigns an antiquity to the earth of not 
more than six thousand years, the difficulty exists. 

The statements made by Moses are found, upon examination, to 
be of the most general character. They assert, in the first place, sim- 
ply that " In the beginning God created the heaven and the earth." 
The time which elapsed after this first act, and previously to the 
acte of creation sutoequently recorded, is not limited by the sacred 
narrative. It may have been durini? this indefinite lapse of time 
tiuUGodgaTeexienoeandenjoymLtoalarge numW of ani- 
null species on the surface of the earth, and at the same time 
effected most of those phyracal changes in the crust of it which 
have rendered it a fit abode for intellectual and moral bdngs. 

But if the word day, in the first chapter of Oenesis, be consid- 
ered to mean a prolonged period (and philologists regard such an 
interpretation as admissible), then that chapter is a record of the 
most important events in the history of the earth up to and includ- 
es 
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ing the introdaction of man. And the aooounft^ tinu Qnderstood, 
oornddes with the resnltB of geological eiaminatiopg. 

Instead, th^n,of discrepancy between the works andthe wofrdof 
Ood, we have this lemarkable fiust, that a histoiy of the earth, 
written long before the science of gedogy was known, is not con- 
tnuUcted, bat oonfinned, by the progresB of science thus &r. 



CHAPTER III. 

OF THE CHANGES TO WHICH THE CRUST OF THE EARTH 

HAS BEEN SUBJECTED. 

SECTION I< CHANGES WHICH HATE TAKEN PLACE AT GREAT DEPTHS 

BELOW THE SURFACE. 

The lowest change of which we can gain any information 
is the formation of granite. It will be shown hereafter that 
it has been in a melted state, and that it has taken its present 
form on cooling. But whether any considerable portions of the 
granitic masses, or of the melted masses now below the surface, 
have resulted from the fusion of stratified rocks, we have not 
the means of determining. It is, however, not improbable, that 
in the changes of level to which the crust of the earth has 
been subjected, the stratified rocks may have gone down so far 
as to become melted. At the same time, the melted rock which 
is thrown to the surface by volcanoes is subjected to the various 
destroying agencies by which it becomes sedimentary matter, to be 
deposited as mechanical strata. Thus, as the igneous rocks from 
below are brought up to ^imish materials for mechanical strata, 
there must be an equal amount of depression of the mechanical 
strata towards the seats of igneous action. And if this change 
takes place more rapidly than the thickness of crust increases, 
then portions of the sedimentary rocks must be undergoing fusion. 

Next above the granite an immense thickness of rock occurs, 
which exhibits, from its stratification and from the water-worn frag- 
ments which it contains, distinct evidence of its mechanical origin. 
And yet it is very difierent from the later mechanical forma- 
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tioDS. It is more lughly crystalline ; it has, to a great extent^ 
assomed a cleavage distinct from the planes of stratification, and 
chemical affinity has been so far active as to prodace new combina- 
tions, and give to them their peculiar crystalline form, as in the 
case of garnets, iron pyrites, &c. These strata also differ from 
those above them in containing no oigamo remains. It is not 
certain that organic life existed on the earth at the time when 
these rocks were deposited, father it did not, or the evidence of 
it in the strata of that period has been obliterated. The changes 
have at least been sufficient to justify their being characterized as 
metamorphic rocks. 



SBOnON n. — CHANGES IN IHB MASS OF THE BT&ATIFIBD BOCKS. 

1. The stratified rocks were deporated as mud or sand, and 
were at first in a yielding state. Most of these deposits have 
become solidified rock, such as limestone, clay slate and sand- 
stone. The chalk of England is, however, but imperfectly consol- 
idated, the great sandstone formation of New Holland is a friable 
mass easily disintegrated, and occainonally beds of day in a plastic 
state are found as &x down as the coal. Among the later rocks 
the solidification is less general, though there is some degree of 
hardening in all except the most superficial layers. The fissUe 
structure results from the solidification of the particles composing 
each layer separately. 

2. Since the solidification of the strata, or perhaps in connection 
with it, there has been something of movement among the parti- 
des, resulting in mineral veins, oonchoidal structure, &c. One 
of the most general changes of this kind is that by which a mass 
becomes separable into thin sheets, independent of the stratifica- 
tion, and not parallel with it. This structure is represented by 
Fig. 48, in which the heavier lines are those of stratification, and 
the lighter of cleavage. 

3. The strata have been everywhere more or less broken, and 



tlie fractitres, nearly vertical, extend to great depths. When a 
flucture reaolieB the surface, it often becomes a channel for water. 



It is thus widened by the erosion, the deepest parts become filled 
with debris, and It becomes a gorge, ravine or valley. 

If the fraotare does not come to the surface, it becomes a 
cavern. In liineatone, caverns which are formed in thb way are 
very frequent, and extend for many mllea. There is generally a 
stream of water ninniog through them, but not of sufficient volume 
to have produced the erosion which has been effected. 

When the sides of the fracture are hut little separsled, acms 

mineral often separates itself &om the adjacent rock, and filling up 

the space, reiinites the broken parts. It is then called a vein of 

segregaiion (Fig. 49, a &), But the fracture is more frequency 

Kg.i9. 




filled with Borne volcanic rock injected from below It is then a 
dike {cd) and may have a width of many rods though it ofW 
dimmishca m width tUl it is a mere thread A dike of which tho 
injected matenal is a metallic ore is a mmeral vein 

4. The uplifting ftrce by which the fracture is produced has 
frequently raised the rock on one side higher than it has on the 
other. This is called a fault. (Fig. 50.) The unequal move- 
ments by which the fault is produced se«n in some instances to 
have been repeated several times, and the grinding of the broken 
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edges npon moh otiwr has ptduhed and striated the mdefl of Om 
fraetnre. 
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5. Sedimentarjr rooks are often fbnnd with the planes of their 
strata more or leas indined. It is evident that thej were not 
thua Ibrmed. The depositions of sediment from water will always 
be horizontal, or, at most, only slightly inclined. Bnt there is 
often evidenoe in the rooh itself that 
ita strata were once horizontal. It 
is frequently observed that vertical 
strata contain pebbles with their 
longer axes in the phne of the strata. 
(Fig, 51.) When these pebbles were 
depcsited, the longer axes would take, 
on an obvious mechanical principle, 
a horiiontal portion, ^eir [H^sent vertical poeition most have 
resulted from a change in the positjon of the strata in which they 
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are enclosed. The same thing is shown by the position of a petri- 
fied forest in the sonth of England, known as the Portland dirt- 
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bed. Some parts of it are inclined at an angle of forty-five 
degrees. The position of the vegetable remains (Fig. 52) shows 
that when thej were growing the surface was horizontal. 

The line b d (Fig. 53), on inclined strata which makes with the 
horizon the greatest angle, is called the direction of the dip. The 
angle thus formed {a h d) is the angle of inclination. When 
inclined strata come to the surface, the exposed edge, 3 c, is the 
outcropf and the line of outcrop on a horizontal surface is called 
the strike of the strata. 

Fig. 63. 

6 




When the inclined position is produced by an uplift of the 
strata, along a given line, so that they dip in opposite directions, 
this line is called an anticlinal axis, as at Fig. 54. If, however. 
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the strata are fractured along this line, as at 3, the fracture 
becomes a valley of elevation. 
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If deprMuon take place along a ffven line, aa at e, tbe strata 
irill dip towards thU line, and it will be a synclinal axU. The 
depreeaion will be a vidley of lubiidtTux. A Byaclioal aiia 
would alao be produced by an elevation of the strata, as at if and e, 
on each side of it, and the vallej thus produced is one of elevation. 

When snccesMve seta of etrala, as / and d. Fig. 53, are not 
parallel, thej are said to be unconformaile. 

6. When the strata are subjected to displacement, thej do not 

always take a merely inclined poration, but are oflen contorted 

(E^. 55), or folded together (Elg. 56). These folded axes fre- 
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qnently sacceed eadi other fer many miles, 

E1(. S6. 




82.) In the case represented by Fig. 56, if the highest portion 
has been removed, so that the line a b represents the aotaal suT' 
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face, we shall have apparently a succession of deposits, of which 
those at b would he the newest, and the oldest would be found at 
a, when in fact the strata at the extremities are parts of the same 
layer. 

It is probable that disturbances like those now mentioned haye 
been taking place continually, in different places, from the earliest 
timesw There have been no periods of universal disturbance, and 
none of universal repose. On the contrary, the periods of disturb* 
ance in one part of the world have been periods of repose in 
another. For example, the coal measures of Europe were much 
broken and disturbed before the deposition of the new red sand- 
stone, and the dose of the coal period was at one time supposed to 
have been a period of general convulsion. It is now ascertained 
that the principal coal-fields in this country were not much dis- 
turbed at that period, and have not been since. 



SECTION in. — CHANGES OF ELEVATION AND SUBSIJ>ENGE.* 

The continents, if we except the more ru^ed and broken 
portions, rise from the sea with an almost imperceptible ascent ; 
and even the mountains have a much gentler slope than we are 
apt to suppose, so that a section of the earth parallel to the equa- 
tor would be almost a perfect circle. The slope of a mountain, 
from its base to its highest point, rarely forms with t&e horizon an 
angle of as much as twelve degrees. In the following figure (57), 
A represents the peak of Chimborazo, B of Teneriffe, C of ^tua, 
and D of Mount Loa, the principal volcano of the Sandwich 
Islands. The highest mountains would be represented on a twelve- 
inch globe by an altitude of less than the one-hundredth of an 
inch above the level of the sea. But the rising and sinking of 
these masses, though so small compared with the dimensions of the 
earth, are yet geological changes on the largest scale. 

1. The Elevation of Mountains. — * Mountains have formerly 
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been covered with the waters of the ocean. Tliis is evident, in Hie 
case of some mountains, from the existence of stratified rocks 

Bg. 57. 







reaching to the summits. The stratification could have been pro- 
duced only by deposition from water. It is, moreover, evident 
from the existence of marine fossils, distributed through these 
stra&, so abundantly, that they cannot be accounted for on any 
other hypothesis than that the animals lived and died where the 
remains of them are now found. These strata must there&re have 
formed the bed of the sea while the fossils were accimiulating. 

There is no direct evidence that the granitic mountain peaks 
were ever submerged. But there is reason for believing that 
the sedimentary strata which now occupy the lower slopes were, at 
the time of their deposition, continuous, — the igneous rock having 
subsequently broken through them, — so that the waters of the ocean 
once rested on the whole area which the mountain now occupies. 

If the ocean could ever have been above its present level suffi- 
ciently to have covered all the sedimentary rocks, we might 
assume that the height of mountains has not been changed. But 
the level of the ocean cannot be subject to much variation. The 
total amount of water on the globe is always the same. If the 
continents and mountains were all submerged at once, and the 
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waters were expanded by the highest temperature consistent with 
the liquid form, there would not be a change of level of more than 
two hundred and fifty feet. We may assume, then, that the ocean 
level has always been essentially the same that it now is. We 
must therefore coifclude that the sedimentary rocks, and the moun- 
tains of which they form a part, have been elevated to their 
present position fix)m the bed of the sea. 

Different mountain ranges have been elevated at different 
periods. The silurian and carboniferous formations were depos- 
ited before the Alleghany Mountains, which they contributed to 
form, were elevated ; while the new red sandstone and the creta- 
ceous and tertiary formations were deposited subsequently to the 
upheaval. They are accordingly found at the base of the range, 
nearly horizontal, and have risen above the level of the ocean only 
as the continent generally has risen. The Pyrenees were elevated 
after the deposition of the cretaceous rocks, and have carried them 
up so that they appear at a high angle, while the tertiary rocks 
at the base are horizontal, as in the United States. The Andes 
have carried up the tertiary rocks with them, and their elevation 
must therefore belong to a recent period. It appears that they 
are even yet rising. 

It has recently been shown that the Alps have been subjected 
to upheaval at several distinct periods. At the close of the Silu- 
rian period they formed a cluster of islands. At the commence- 
ment of the tertiary period they became a mountain range, and 
at the close of that period they were thrown up some two thousand 
feet higher, to their present position. Nearly the same things will 
probably be found true of other mountain ranges, when their struc- 
ture has been minutely studied. 

The elevation of contiguous parallel ridges will necessarily leave 
intervening vaUeijs of elevation. As mountain ranges generally 
consist of several such ridges, valleys of this description are 
numerous, and they are often of great extent. 

It is obvious that there are mountains in the sea of as great 
height above the lowest valleys as the mountains of continents are 
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above the level of the sea. If a new continent should hereafter 
be formed by the elevation of a large area of the bed of the sea, 
the existing mountains, now appearing in the form of islands, 
would partake of the general movement, and the new continent 
would have the same general diversities of surface as existing con- 
tinents. The mountains would have exis^ long before the con- 
tinent. It is therefore to be supposed that the mountains of the 
present continents were elevated before the continents, and that 
they stood for long periods as islands, exposed to the action of 
waves, tides, and marine currents. 

2. The Elevation of Continents, — Continents have been elevated 
by so slow a movement that it has not generally been perceived, even 
when they have been peopled by nations advanced in civilization. 
And yet satis&ctory evidence is always lefl of former sea-levels. 

Almost every seaboard furnishes examples of beaches, evidently 
once washed by the sea, but now elevated ■ more or less above high 
water. 

At Lubec, near the northern extremity of the coast of Maine, 
barnacles* are found attached to the rocks eighteen feet above high 
water. The pilots at that place, and for a hundred miles north 
and south of it, speak of the ship-channels as diminishing in depth, 
though it is certain that they are not filling up. Such facts are 
to be explained only by supposing that the coast is rising. 

Lakes are numerous throughout the northern portions of North 
America, which are receiving annually large quantities of sedi- 
ment, and must ultimately become alluvial plains. Those of mod- 
erate depth, as Lake Erie, cannot require periods very protracted 
to fill them. Their continuance in such abundance indicates that 
the elevation of the continent to its present height is compara- 
tively recent. This conclusion is confirmed by evidence of another 
kind. Throughout this region of lakes, beds of clay containing 
the remains of existing species of marine animals, are found at all 
elevations from the sea-coast, to the height of about four hundred 
feet, but not higher. These clay beds are very recent, and were 



* The barnacle is a marine animal, permanently fixed to the rooks, and can 
live but a short time without being surrounded by sea-water. 
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deposited when the eur&ce was fonr hnndred or five hundred feet 
lower than it now is and this amotint of elevation ha£ left the 
existing lakes scattered over the surfiice * 

The following (Hg 58) exbbita Europe as it was during the 
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Bilunan epo"h and Eig 59 as it was at the com men cement of 
the tertiary epoch The land as it then existed is represented by 
the white surface, the present waters by the dark shading, and the 
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those periods by the lightei 
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The whole soathera part of South America, embraoing &d area 
equal to that of Europe, has been elevated within a very recent 
period; andEome partaof it, if^not allofit, are BtillnMog. The 
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Bhells found on the plains from Brazil to TeriK del Fue^, and on 
the Pacifio coast, at a height of from one hundred to thirteen hun- 
dred feet, are identical with those now inhalntiag the adjacent seas. 
And " beddes the orpmo remwna, there are, in very many parts, 
tnarks of erosion, cares, andent beaches, sand-duoes, and successive 
terraces of gmvcl," all which moat have resulted from the Hction 
of the wares at a period not remote. At Lima, articles of human 
skill peculiar to the original inhabitants of Peni were found im- 
bedded in a mass of sea-shells eighty-three feet above the present 
sea level. The elevation on the Pacifio coast has been in part by 
sudden upliftR of a few feet at a time ; but it is found, from tinie 
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to tiuic, that there has been a change of level, amounting to a foot . 
or more in a year, when there have been none of these sudden 
movements. 

A considerable portion of Europe, reaching from North Cape in 
Norway to near the southern part of Sweden, more than a thou- 
sand miles, and from the Atlantic to St. Petersburg, more than 
six hundred miles, has been rising at the rate of about three feet 
ill a century, for at least two centuries, and probably much longer. 
This change is proved by the occurrence, at considerable elevations 
above the sea, of shells now found in the Baltic ; by rocks once 
sunken, now raised above the surface of the sea, and by ancient 
seaports having become inland towns. To determine the truth by v 
actual measurement, the Boyal Academy of Stockholm, about 
thirty-five years since, caused marks to be cut in the rocks along 
the coast, to indicate the ordinary level of the water. This is 
easily ascertained, as the Baltic is nearly a tideless sea. Th^ pres- 
ent level of the sea, compared with that indicated by the marks 
before mentioned, leaves no doubt that the country is rising. 

3. The Subsidence of Land. — Elevations can be shown to 
have taken place by fossils, and by other evidences of former sea 
levels which are left on the sur&ce ; but depressions leave but few 
indications of change of level. It is yet doubtful whether the 
depression is equal to the elevation ; that is, whether the amount 
of land remains nearly constant, or whether there has been an 
augmentation of the dry land witbin the tertiary and recent peri- 
ods. We are certain that the augmentation, if any, has not been 
equal to the elevation, for subsidences to a great amount are known 
to have taken place. 

There are occasional instances of submerged forests seen at low 
tide, af some distance from the shore. There are several near the 
coast of England and Scotland, and near the coast of Massachiji- 
sctts. They are but a few feet below low water, and do not indi- 
cate a subsidence of more than about twenty feet. 

Numerous instances are on record of the sinking down of 
wharfs and buildings near the sea during earthquakes. Almost 
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every violent earthquake is accompanied by a change of level. The 
changes of this kind which have been noticed are in seaport towns, 
because greater fiicilities are there afforded &r detecting them, and 
because loss of property awakens attention to them ; but there is 

every reason to sup- 
pose that these changes 
of level extend to great 
distances both into the 
country and. into the 
sea. 

An immense area 
in the Indian and Pa- 
cific Oceans, probably 
ten millions of square 
miles, is undergoing 
change of level. The 
lines A B and D C 
(Fig. 60) represent 
nearly the axes of de- 
pression ; while an in- 
termediate and two 
exterior parallel lines 
would represent axes 
of elevation. The ev- 
idence of these changes 
is found principally in 
the peculiarities of the 
wall of coral rock en- 
circling the islands. 

The following fig- 
ures represent, in sec- 
tions, modifications of 
form of the same isl- 
and. "The coral wall 
built up around the island by the polyps, from the depth of fifty. 
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or at most of a hundred feet, is shown at c c (Fig. 61). If the 
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island is elevated, this wall becomes a fringing reef (Fig. 62), U 
becoming the level of the sea, and the animal begins a new wall 

Fig. 62. 




Fig. 63. 



at the same depth as befere. But if the island is gradually sink- 
ing, the wall is kept built up to the sur&ce, and becomes a harrier 
reef(Y\g, 63). A channel is thus lefl between the island and the 
reef, which, though 
gradually filling up 
with broken coral or * 
other sediment, is gen- y 
endly deep enough for 
a ship-channel. If 
the island continue to 
subside till it disap- 
pears, and the coral wall is still kept at the surface, it then becomes 
an atdU^ a circular coral island (Fig. 64), often of many leagues 
in diameter, beaten by the surf on the outer edge, but enclosing a 
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qmot lake, wUch oommunictitea only by occasioDal channels witli 
the ocean. 




The islanda oontigaooB to the linea A B and C D (Kg. 60) are 
nnifbnnly atolb, or are surrounded by barrier ree&, and are tbere- 
ibre Bab^ding; while the islands at a distance from these Jines 
are surronnded by fringing ree&, wUcb indicate that they are 

A well-authenticated instauce of gradual subaidenoe is that of 
Qreenland. The eatire western coast, from its southern extremity 
to Disco Island, a distance of ux hundred miles, has for the last 
two centuries been slowly snbeiding. The dwelling-houses and 
places of worship built by the early European settlers are now in 
part or entirely submerged. The natives are said to be aware of 
the subsidence, and nerer build their huts near the sea. 

4. We have thus seen that both elevation and dcpres»on may 
take place. There is reason to believe that these changes of level 
have, in some cases, been several times repeated. In one of the 
eastern rajiges of the Andes, opposite to Chili, there is a moss of 
marine strata of five thousand feet in thickness. About the mid- 
dle of the series there occnrs a silictfied forest In one place a 
clump of coniferous trees was found of more than fifly in number, 
and a foot or more in diameter. The base of the strata must have 
been twenty-five hundred feet below the surface of the seji, in 
order to admit of the deposition of the first half of it. It was 
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then elevated, so that a forest grew apoD its surface. - It was then 
depressed at least twenty-five hundred feet more, to admit of Uie 
depositioD of the Babsequent strata, and the whole is now uplifl^ 
to form a mountAia range of eight thoussnd feet in height. 

The temple of Jupiter Serapis, near Naples, in Italy, was built 
near the sea, about eighteen hundred years ago. It was gradaalty 
submerged, and finally lost by the deposition of sediment nearly 
to the top of the columns. It was afterwards elevated, bo aa to be 
entirely above the level of the sea. The remans of the temple 
(Fig. 65) were afterwards discovered by the columns projecting a, 

Kg. 66. 




Httk above the ground. The sediment was removed to the depth 
of fi>rty-«x feet, when the workmen came to the base <^ the ool- 
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umns, and to a pavement seventy feet in diameter. In 1807 an 
artist was employed to take drawings of the ruin. The pavement 
was then above the level of the sea. Sixteen years afterwards the 
same artist found the pavement covered with water, and the depth 
has continued to increase since that time. It is considered that 
fi)r the last forty years the depression has been three-fourths of an 
inch a year. 

Instances enough have now been given to show how extensively 
the system admits of. change. They are sufficient to justify us in 
searching for indications of great revolutions in past times, even 
where no such indications have as yet been discovered. They will 
serve as a key to many otherwise inexplicable phenomena. In 
order to the interpretation of such phenomena readily, we must 
cease to look upon these as exceptional cases, and regard them not 
only as facts, but as facts of frequent occurrence. 

From the examples which have now been given, as well as from 
speculations upon the cause of these changes, it seems highly prob- 
able that all the surface of the solid portion of the earth, whether 
land or the bed of the sea, is undergoing changes of level. It may 
be so gradual that in the life of an individual it would be imper- 
ceptible, even where the best means of detecting it exist. These 
means are generally the works of man, and they are themselves so 
liable to change, that it would be scarcely possible to detect varia- 
tions of level, which amount to but a few inches in a century. 

If we admit that the relations of land and water have always 
been variable, it is impossible to arrive at any certain conclusion as 
to the amount, position or form, of the dry land at any former 
period. We may determine, with some degree of certainty, what 
portions of the present continents were submerged at particular 
epochs. Thus, we may infer that most of this country was sub- 
merged during the Silurian period, from the great extent of the 
Silurian rocks ; and, from the limited^xtent df the chalk formation 
in this country, we know that during the cretaceous period most of 
the continent was above the sur&ce of the sea. But we have 
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absolutely no data for determining what portions of the bed of the 
sea were at any time dry land. 

It is supposable that the land has been principally confined to 
the equatorial regions at one period, and to the polar at another. 
At still a different period the land may have existed as islands 
scattered through a general ocean. These relations may, there- 
fi)re, be assumed to have existed, if there are geological phenomena 
which best accord with such relations. 



SECTION IT. GHANOES ON THE SURFACE OF THE EARTH. 

1. The principal changes of this class consist in the wearing 
down and removing immense quantities of the surface rock. The 
form in which the igneous rochs^ of which the entire crust of the 
earth was originally composed, now appear, ftimishes no assistance 
in judging of the amount of denudation which they have suffered. 
We can judge only from the amount of rock for which they have 
furnished the materials, and these are the whole sedimentary 
series which exist both as dry land and as the bed of the sea. 

2. The sedimentary rocks have also been subject to great denu- 
dation ; and we o^n have, in what is left, some indications of 
how much has been removed. One of these indications consists in 
the now level surface of those portions of country in which large 
faults exist. By the excavations for coal, in England, fitults have 
been discovered of five or six hundred feet. At the time that they 
were fi)rmed, the surface must have presented precipitous escarp- 
ments (as repjresented by the dotted lines in Fig. 50) of a height 
equal to the dislocation ; but the whole is now reduced to a gen- 
eral level {z z), denuding causes having removed the elevated 
portions. 

The extent of vaUeys will often give some idea of the amount 
of denudation to which a region has been subjected. In the north- 
irest of Scotland there is a succession of hills of about three thou- 
sand feet in elevation, conasting, for the upper two thousand feet, 
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of horizontal strata of old red sandstone. (Fig. 66.) We can- 
not oonceive that these moontaln masses were deposited in their 
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present isolated £)rm. The whole intervening spaces most have 
been filled with strata continuous with those by which the eleva- 
tions are formed.* * 

A somewhat similar instance occurs in the Connecticut river 
sandstone, in the central part of Massachusetts. The following 
figure (Elg. 67) represents two mountains o^the sandstone, between 

Hg. 67. 




which the Connecticut river flows. The dotted lines indicate a 
depth of one thousand &et of the rock which has been swept away. 



• « I entertam little doubt that when this loftier portion of Scotland, indad- 
ing tile entire Highlands, first presented its broad back over Uie waves, tlie 
upper surface consisted exclusively, from one extremity to the other, of a con- 
tinuous tract of old red sandstone ; though, ere the land finally emerged, the 
ocean currents of ages had swept it away, all except in the lower and last 
raised borders, and in detached localities where it still remains, as in the pyr- 
amidal hills of Western Rosshire, to show the amazing depth to which it had 
once overlaid the inferior rocks." — 3iiUer, Old Red SandHtnUfp, 22. 
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It ia also thoogfat that a bed of eqncJ depth has heen removed Ptcm 
thifl Boctlou Boathwftrd, through the St&te of Counectiout, to the 
eea-ooast. 

8. Valleys, and even many of the larger valleys, are produced 
by the wearing down of the anrface. The lower portion of the 
Connecticut valley is one bf denudation, though in its upper part 
it la a valley of elevation, resulting from the upheaval of the 
Green uid White Mountains. He water-KMursea trom the monn> 
tains are transverse to the direction of the ranges, and generally 
consist of valleys of denudation These valleys were no doubt 
originally fractures, produced while the mountaina were rising. 
The fracturea have been subsequently widened by denudation into 
Talleys. 

4 The rocty sor&ce, beyond the fortieth parallels of latitude, 
and in the vicinity of glacter-producing mountains, ia genets 
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ally covered with 
groova aiid ttrtrB 
(Fig. 68), varying 
from several inches 
in depth to the 
finest perceptible 
lines. Books that 



or which 
have been long 

exposed to atmos- 
pheric agents, sel- 
dom exhibit these 




marka, though there are probably few places, outside of the par- 
allets belbre mentioned, where the rooky sui&ce, if it has been 
protected from atmospheric decay, does not conttun such grooving. 
6. Another change at the Bur&ce consists in the formation of a 
«>tZ; that is, of a superficial layer, of no great thickness, of earthy 
matter, a large proportion of which is always in a minutely iKvided 
state. In some instances it is oommon sediment, unsolidified ; hi 
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othors, it consists of the sarfiioe rook in a state of disintegratkm ; 
bat a large part of the soil within the region where the grooved- 
sorfikces are found consists of materials transported firoln a 
distance. 

Soils are distinguished according to their predominant minerals, 
as siliceous, aluminous and calcareous. If siliceous matter is in 
excess, it will be a light, warm soil, and allow the water to pass 
through it too freelj. If the day predominates, the soil is cold, 
stiff, and too retentive of moisture. A proper admixture of these 
three ingredients constitutes the best soils. There are some other 
mineral ingredients essential to the productiveness of soils, but 
they are always in small proportion. In addition to the inorganic 
part which is common to the upper soil, and the subsoil, there is 
required, in order to render the upper layer productive, a large 
admixture of decaying animal and vegetable matter. 



SECTION V. CHANGES OF CLIMATE. 

Our means of determining the climate of any former period 
consists in a comparison of the fossils of such period with the exists 
ing forms of life in warm and cold climates. 

The earliest abundant vegetation consisted principally of ferns, 
rushes and mosses, and a larger growth was attained than is at- 
tained by any of the allied forms of the present time. We may 
infer that the circumstances under which these lower forms of 
vegetable life are now produced in the largest proportion, compared 
with other forms, and under which they grow to the largest size, are 
the circumstances approaching most nearly those under which the 
early vegetation was produced. These circumstances are found 
to be a position elevated but littie above the level of the sea, a 
humid atmosphere, and the highest terrestrial temperature. Such 
facts favor the conclusion that during the coal period an ultra- 
tropical climate prevailed, and that the land existed in the form 
of low islands, thickly set in a general ocean. 
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The peculiar characters of some of the animal fossilSj from the 
earliest fossiliferous to the tertiary series, indicate that a warmer 
climate prevailed during their formation than now exists. The 
remains of marine animals, such as the cephalopoda, are found in 
great numbers and in high latitudes, in a fossil state ; but similar 
species, as the nautilus, now abound only between the tropics. The 
same is true of the crinoidea. Coralline limestone is also found in 
great abundance and in high northern latitudes ; but the stone-pro- 
ducing coral now exists only in very warm seas. The remains of 
saurian reptiles are numerous in the oolite and Wealden ; but all the 
larger recent species of the lizard tribe, such as the crocodile, are 
confined to the warmer regions of the earth. 

A former warm climate in Siberia is indicated by the occur- 
rence there of the remains of elephants. These animals were so 
abundant that their tusks are now collected as an article of com- 
merce. The abundance and high state of preservation of these 
remains seem to preclude the explanation that they were conveyed 
there, from the present tropical regions, by any great geological 
convulsion. The species must therefore have inhabited the country, 
though the elephant is now &und only between the tropics. The 
Siberian elephant was a different species from any now existing, 
and, unlike the recent species, had a covering of coarse hair. 
There is, however, no reason to conclude that it could endure a 
continued low temperature ; and its sustenance would have been 
impossible, from the very stinted vegetation which that region now 
afiR)rds. We must therefore suppose that Siberia enjoyed, at the 
period when it supported these animals in such abundance, a trop- 
ical climate. 

Most of the iacts which go to prove a change of climate have 
been observed in the northern hemisphere ; but the explorations in 
South America and New Holland furnish ground for believing that 
the geological phenomena of the two hemispheres are essentially 
alike, and that the indications of climate are the same for the same 
periods. 

Such is, m general, the evidence in reference to climate ; and it 
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leads to the oonclusion that a highly tropical climate pfevailed in 
the temperate, and for some distance, at leasi, into the polar 
zones, in the early geological periods ; while there is no reason for 
supposing that the tropical regions experien'ccd a temperature too 
high for physical life to endure it. The climate of the earth was 
characterized then by a higher temperature than now, and hy 
greater uniformity. This was the climate, with perhaps a gradaai 
reduction of temperature, till the later portions of the tertiary 
period. 

Before the close of the tertiary period, a chan^ occurred, and 
probably a rapid one, to a more rigorous climate than now exists. 
The destruction of the elephant in Siberia was evidently sudden, 
and was Allowed by extreme cold ; for the animals are in some 
cases entirely preserved in ice, and in so perfect a state that, when 
the ice which surrounds them becomes melted, the flesh is devoured ^ 
by carnivorous animals. There are occasionally found, in the drift 
of the boulder period, shells similar to those of the Arctic regions, 
and in a condition to show that they have not been transported. 
The clay beds of the northern portion of the United States and of 
Canada were deposited during the last depression of that portion 
of the continent, and they contain the remains of marine animals 
identical in several instances with species now living, but confined 
to more northern regions. It must therefore be admitted that the 
interval between the middle tertiary and the modern era was one 
of great cold. It is generally referred to as the Glacial period. 

Very considerable local changes of climate have also occurred 
within the historical period. Thus the mean temperature of the 
Alps has been so reduced that the ancient passes have in modem 
times become choked up with snow, and other passes have been 
sought, — a result, perhaps, of additional upheaval. It would seem 
that Siberia is now receiving a milder climate. The ice in which 
elephants have for centuries been imbedded has been slowly melt- 
ing for at least thirty years. 
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aECnON VI. ADVANTAGES RESULTING FROM GEOLOGICAL CHANGES. 

1. The division of the general surface into land and water, as well 
as the diversified form of the land, the existence of mountains and 
low lands, and the consequent modifications of climate, the water- 
fidls, and the river-systems, constituting the drainage of continents, 
are all results of the process of upheaval. 

2. A large part of the mineral substances employed for archi- 
tectural and economical purposes are oceanic deposits, — such as the 
marbles, slates, sandstones and mineral salt, — and would have been 
inaccessible if they had not been elevated from the position in 
which they were formed. And the elevation of them above the 
bed of the sea would have exposed only the superficial layer, if 
they had not been either irregularly uplifted, as at e c (Fig. 69), 
or unequally worn down, as at h. 

Fig. 69. 




The granitic rocks, as they were formed below the aqueous 
rocks, must have remained unknown and useless, if they had not 
been brought to the surface, as at c, by the most convulsive efforts 
of nature of which we have any knowledge. Thus, natural 
mechanical forces have effected for man lyhat the mechanical forces 
under his control would be entirely insufficient to accomplish. 

3. It is by changes of this kind that we become acquainted with 
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the geological structure of the crust of the earth. Mining opera- 
tions have never extended to a greater depth than three thou- 
Band feet, while the inclined position of the strata exposes for 
examination, along their outcropping edges, e a c^ the whole series, 
even to the primary rocks. The upheaval of the granitic rocks, 
and the removal bj denudation of the overlying deposits, shows 
us the crystalline character which the earthy materials take, 
when subjected to pressure and cooled from ^ion with extreme 
slowness. Thus we have, exposed to observation, the process of 
nature in the formation and modification of rocks for several miles 
in depth. Of the central portions, however, includmg by fiir the 
largest part of the mass of the earth, we have no knowledge 
whatever. 

4. Springs^ and the other means of obtaining water for domes- 
tic purposes, depend in part upon the inclined position of strata, 
and the broken and uneven condition of the surface, and in part 
upon the alternation of permeable and impermeable strata. If all 
the strata were porous, like the sandstones, the water which falls 
upon the surface would gradually settle through them to the level 
of the sea ; or, if they were all impermeable, like the clays, the 
water would pass over the surface, and be collected in lakes or the 
ocean. As it is, the porous structure of the soil and of some rocks 
acts as a reservoir, from w]iich the water is gradually discharged, 
and the intervention of impermeable strata prevents its taking a 
perpendicular direction downwards. Thus, if the stratum e h (Fig. 
69) consists of porous rock, and the one below is impermeable, the 
water which is absorbed at e will appear at 3 as a spring. Or, 
if the line a ^ is a fracture, the water received at c may reappear 
as a spring at a. If the strata were perforated by boring at e till 
the porous stratum a is reached, the water will rise to the sur- 
fiioe, constituting an Artesian well. An ordinary well consists of 
an excavation continued till a stratum is reached which is perma- 
nently saturated with water. 

5. Most of the metallic ores which occur in the stratified rocks, 
with the exception of iron, are found in fractures or as dikes. 
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Without these disturbances of the strata, the ores would have 
remained either sparingly difiused throughout the adjacent strata, 
or as a part of the melted mass at the volcanic centres. The ores 
and metals which are found in the primary rocks are accessible 
only by the brin^g up of these rocks to the surface. 

The fracturing, displacement, and elevation of the' strata, 
attended, as is oflen the case, with the destruction of property and 
of the life both of man and the inferior animals, might, at first 
view, be thought an unnecessary, if not a wanton infringement upon 
arrangements already established. But the results which we have 
noticecl, though by no means a full enumeration of the advantages 
resulting from geological changes, are sufficient to show that even 
the more violent disturbances to which the crust of the earth has 
been subjected constitute an important part of that series of adjust- 
ments which. has rendered it a suitable abode for human beings. 
These changes are therefore neither useless nor accidental, but are 
essenti&l parts of a wise and beneficent system. 



CHAPTER IV. 

OF THE CAUSES OF GEOLOGICAL PHENOMENA. 

An ezhibitioii of the composiiion and iiructure of the earthy 
together with aa aooount, as far afl there is reliable evidence, of 
the modifioations which they have undergone, has been the object 
of the preceding chapters. Thoy are nudnly a collection and cla»> 
sification of observed facts. No reference has been made to 
causes or nxxies of operation, except in a few cases where it was 
necessary in order that a statement or description, might be 
intelligible. 

If the facts have been given with sufficient clearness and detail 
to convey a correct general idea of the crust of the earth, we are 
prepared to inquire what are the agencies employed, and how they 
have operated in producing it. It is the province of the geologist 
to question every known power in n&ture, and to ascertain what 
geological effects each one is now producing ; and, observing what 
effects are produced by given causes, he is to judge of the causes 
which have produced like effects in past geological periods. 

Some of these causes are in their nature limited, and effects can 
be referred to them only within those limits. Thus, the congela- 
tion of water expands it by a certain proportion of its volume, and 
beyond that it can have no effect. But the expansive power of 
steam varies with the temperature ; and hence the effects referred 
to it may be equally varied. Thus, we are not to expect exact 
uniformity of results in all past times, but the results will vary 
only as the circumstances vary upon which the operation of these 
causes depends. 
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Geological causes, in most instances, operate with extreme slow- 
ness ; and therefore it will require a series of observations, continued 
for a long time, to ascertain wha^ are the capabilities of these 
causes. But a single instance of their effects proves their capa- 
bilities thus &r. Hence, one instance of the deposition of a 
stratum of salt in a salt lake ; of the filling of a fracture with fluid 
lava ; of a volcanic eruption, like that of Iceland in 1783 ; of the 
subsidence of a volcanic mountain, as that of Papandayang in 
Java ; or of the rising of a large area of land, as in Sweden, as 
fallj proves that natural causes exist capable of producing these 
effects, as if the effecis were produced daily. As these effects 
increase in number, and careM observations are made and authen- 
tic accounts preserved, the means of correctly explaining geologi- 
cal phenomena will increase. The causes thus far known are 
Atmospheric Causes, Chemical Action, Organic Agency, and 
Aqueous, Aqueo-glacial and Igneous Action. 



SECTION I. — ATMOSPHERIO CAUSES. 

The oxygen of the atmosphere is capable of uniting with some 
of the constituents of rocks, by which their cohesion is weakened or 
destroyed. This is the cause of the rapid dbintegration of some 
varieties of granite. The protoxide of iron which they contain is 
converted, by contact with the atmosphere, into the peroxide. Its 
volume is thus increased, and portions of the rock are separated 
from the mass. When granite or limestone contains sulphuret of 
iron, the oxygen of the atmosphere, in connection with moisture, 
combines with the sulphur, forming sulphuric acid, by which lime- 
stone and the felspar of granite are rapidly decomposed. Hence, 
a rock which contains an oxide or sulphuret of iron should not be 
used for architectural purposes. 

Carbonic acid is another constituent of the atmosphere which 
operates as a decomposing agent The water that &lls from the 
atmosphere is charged with it, and thus becomes capable of dis- 
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solving calcareous rocks. Carbonic acid is thus indirectly tEe 
means of the rapid destruction of rocks of this class. It is also 
believed that carbonic acid enters into direct combination with 
some of the constituents of rocks, and particularly felspar ; fer it is 
found that in those countries where carbonic acid issues in great 
quantities from the earth, the rocks, especially those which contain 
felspar, disintegrate rapidly. Masses of many tons' weight, which 
appear to be solid granite, after being broken are feund to be in 
such a state of decay that fragments may be reduced to sand 
between the fingers. 

The moisture of the atmosphere has some effect as a decompos- 
ing agent. Bocks which are exposed to frequent alternations of 
moisture and dryness soon crumble into fragments. Bain, falling 
upon the surface of rock, produces, mechanically, a destroying 
effect, which is not to be overlooked. 

Variations of temperature, especially those alternations above 
and below the freezing point, have greater influence than any 
other cause in the destruction of rocks. When the water with 
which a rock is saturated congeals, the resulting expansion tends 
to enlarge the interstices, and thus to separate the particles of the 
rock. When the ice melts, the particles fail to resume the close- 
ness of arrangement with which they were before packed. By 
frequent repetition of this action, the superficial portion loses its 
cohesion, and disintegrates. It is also found that in the region of 
perpetual snow the surface of the mountain masses is covered with 
rock in a disintegrated or fragmentary state, in greater abundance 
than below the snow line ; but no explanation of this fact has yet 
been found. 

In mountainous regions, electrical discharges and violent storms 
have some destroying effect. Winds have considerable power 
in changing the place of earthy matter in a disintegrated state. 
In deserts, the sands are carried in great quantities to great 
distances. 

The causes now enumerated, when considered separately, and as 
acting ioT only limited periods of time, seem hardly worthy of 
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notice ; but when considered as operating oonjoinilj, and for indefi- 
nite periods of time, they must have produced important changes 
on the sur&ce of the earth. 

From these causes, the surface and ornaments of castles and 
other ancient edifices, and of boulders, and all insulated rocks, 
are found to be decayed,«and often to a considerable depth. It is 
from these causes that a soil is produced on every surface of rook 
which is not so exposed to the action of currents that the debris is 
removed as fiist as it is formed. Hence it is, also, that a slope of 
detritus is formed at the base of every declivity, so that the ledge 
appears only at the highest points. 

It is from a combination of these atmospheric causes that a large 
part of the sediment is fomished which brooks and rivers cany 
away. And when cohesdon is not entirely overcome, it is so &r 
weakened that other causes are much more effectual than they 
would otherwise be, in effecting the disintegration of rocks. 



SECTION II. — CHEiaCAL ACTION. 

All those changes in which the action is molecular, — that is, be* 
tween the molecules as such, and not between the masses, — includ- 
ing the effects of the imponderable substances, we regard as result- 
ing from chemical agency. 

Under the control of these molecular forces the crystalline rocks 
have taken their form ; and if the crust of the earth could have 
remained in a fixed condition, in which these forces would have 
been in equilibrium, no further chemical action could have taken 
place. But, mstead of being in a fixed condition, the present sys- 
tem is one of perpetual change. Various disturbances of this 
equilibrium of forces, — such, for instance, as the diurnal and annual 
changes of temperature at the surface, and the still greater secular 
changes of temperature at great depths, — will bring the chemical 
forces into operation. The mechanical disintegration of the crys- 
talline rocks, and the depoedtion of them in strata independently of 

9 
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the chemical affinity of their particles, will give occasion for 
chemical changes, — that is, for a reammgement of the particles in 
accordance with their affinities, — whenever any moTcment of the 
particles among themaelves can take place. These movements take 
place, to a very great extent, under the influence of electrical cur- 
rents, and of change of temperature, even while the masses retain 
their solid form. 

Chemical affinity has exhibited itself on the largest scale in the 
ibrmation of the various mineral species of which the crust of the 
earth is composed ; but we may also refer to the same cause the 
formation of divisional planes in rocks, the concretionary arrange- 
ment, and mineral veins. 

1. Divisional Planes. — It has before been stated, that the older 
rocks, in many cases, cleave freely in planes not parallel with the 
stratification. (See Fig. 48.) In some instances, in beds of lava, 
a similar cleavage exists, sufficiently perfect to allow of its use as 
a rooflng material. In these cases, there must have been a rear- 
rangement of the particles, so that their axes of greatest attraction 
would lie in parallel planes ; the same arrangement which exists in 
mica and other crystalline substances, which have one and but one 
free cleavage. 

A similar arrangement has sometimes taken place under such 
circumstances as to submit the process to more careful scrutiny. 
In the gold mines of Chili, the powder from which the gold has 
been washed is " thrown into a common heap. A great deal of 
chemical action then commences ; salts of various kinds effloresce 
on the surface, and the mass becomes hard, and divides into frag- 
ments which possess an even and weU-defined slaty structure.** 
When a portion "of clay, worked into a paste with a very weak 
acid, is submitted to a weak voltaic action for several months, and 
then dried, it is found to have acquired a distinct though imper- 
fect cleavage structure. 

It appears, then, that both electrical currents and ordinary 
chemical action are capable of arranging the particles of an earthy 
mass into separable layers. We may then regard this change in the 
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older rocks as an imperfect crjstaUization, and probably induced 
by electro-chemical agency. 

It is also found that all rocks are divided into huge blocks by 
seams not parallel with the cleavage, and too regular to be consid- 
ered as fractures. These seams bear an analogy to the secondary 
faces of crystals, which are never parallel to the cleavage. 

2. Concretionary Formations, — There exist in many rocks 
concretions which differ from the mass of the rocks. In most of 
the tertiary clays there are small concretionary nodules, which 
contain more calcareous matter than the mass of clay around them. 
In the coal formation, the nodular iron ore consists of concretionary 
masses. In the chalk formation, nodules of flint abound, and gen- 
erally in layers. In many of these cases, particularly in the 
clays and coal, the nodules have an organic nucleus, and, although 
concretionary, they retain the marks of stratification of the adja- 
cent rocks. Hence they could not have been deposited in the form 
of nodules. There must therefore have been in the rock, though 
in the solid state, such motion among the molecules that particles 
of a particular mineral have separat>ed from the mass and rear- 
ranged themselves in concretionary layers, yet so gradually as not 
to disturb the lines of original stratification. 

There are other instances, similar to the last in all respects, 
except that the segregated portion does not take the concretionary 
form. When gypsum is distributed in small proportion through 
a formation, there seems very little reason to doubt but that it is, 
by a molecular action, segregated from the strata in lenticular 
Fig. 70. masses, as at a (Fig. 70). Many 

of the limestone strata contain 
irregular aggregations of quartz. 
It is presumed that the siliceous 
and calcareous matter was deposited 
together as sediment, and that the aggregation has resulted from 
a movement among the particles similar to that by which the con- 
cretionary structure is produced. 

The columnar structure of basalt seems to have resulted from 
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B peonliar molecular action, at first resemUing a oonoretimaiy 
arrangement, while the mass waa cooling ttotu a Btat« of iusbiL In 
experimenljng to ascertain the cause of Qua Btmctote, Ur. Watt 
fused in a furnace seven htmdrcd pounds of bsmlt. When cooled, 
Vif. 11. he ibund that " nnmenms spheroids had been 

Sinned, and that when two of them came 
in contact, they did not penetrate each other, 
b«t were matnallj oompreaSed and eeparated 
by a well-dofiaed plane, invested with a 
msty coating. When several met, thej 
fbnned priams." (Fig. 71.) 
8. Mineral Veim. — The [dienomena of veins are snoh that 
thej cannot all be reterred to the same canse. In aomo, the vein- 
stuff has been protruded ea a dike, differing from ordinarj dikes 
only in the acoideotal drcumatance that it contains a metal or 
a metallio ore. 

Mineral veina are not, however, generally filled by injection irom 
below. It is found that those v^ns only are productive which have 
an east and west direction. Bnt bjected dikes run in all directions. 
The ore often varies in riohneas at different depths in the vein, 
or passes into ore of some other metal. Ihe ore also varies in 
kind and quality, according to the character of the rock throu^ 
which the vein passes. These phenomena are best explained by 
supposing that the sediment of which the strata were formed con- 
tained the mineral BubsCances of these veins iii small proporlioa. 
After they were solidified, and fraclnres had been formed, the min- 
eral substance was transferred by molecular acdon to the fissures, 
and deposited. 

It was shown by the early experiments of Davy, that voltw) 
eunents are capable of taking up miaeral sabstances from their 
solutions, and removing them from one cup to another. It has 
been ascertained that in most mineral veins a proper apparatus 
will detect the existence of electric currents. . It may be regarded 
as certain, that the unequal heating of different parts of the sur- 
&ae at the same time, by the sun, causes a vast current of feeble ~ 
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intensity to circulate around the earth once in tweoljr-fejar hours. 
The unequal distribution of heat below the surface fiTay/aJso pro- 
duce currents subject to other laws. "We should expect jirat these 
currents would take up the mineral substances diffused* *flrfcuigh 
rocks, and deposit them by themselves. It seems probable;* tlyere- 
fbre, that the molecular action, from which the segregation o£- 
metallic veins has resulted, was that of voltaic currents. 
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The effects of all organic causes in producing geological changes 
are inconsiderable, compared with those of inorganic causes. With 
the exception of the coral formation, the most important of these 
effects are those produced' by human agency. Wc find examples 
of this agency in the distribution of animals and plants beyond the 
regions where they are indigenous ; in the increased numbers of 
certain species, and in the diminution, if not extinction, of others ; 
in the modifications of climate, dependent on the destruction of 
the forests and the cultivation of the soil^ in controlling the course 
of rivers ; in arresting by embankments the encroachments of the 
sea ; in breaking up and changing the place of great quantities of 
rock by mining and engineering operations ; and in the increased 
quantity of sediment furnished to streams by cultivating the sur- 
fiwje, and thus preventing the protecting influence which the matted 
roots of trees and the smaller vegetables would otherwise have. 
Such effects, though attributable mainly to man, are produced in 
some degree by all other animals. 

Besides these general effects, it is the existence of organic forms 

that has conferred on all the sedimentary rocks their fossiliferous 

character. The records of the climate of each geological period, 

of the physical geography, of the vegetable productions, and of 

the animal forms by which the earth was peopled, consist in the 

remains of the living beings of these several periods, imbedded in 

the contemporaneous rock formations. But in the sediment 

9* 
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deposited mii9Q "■ the haman era there must have been furnished 
both the- vittains of human beingis and works of art, such as 
implements of labor and war, pottery, coins, fragments of ships, &c. 

NfipioyeTfihe quantity of tnaterial which has been furnished by 
orgaTfiifi causes is by no means small. The coal-beds are the prod- 
uct' of vegetable growth exclusively. We not unfrequently find 
strata of great extent consisting almost entirely of the shells of 
nfoUuscous animals, of the stems of encrinites, or of the shields 
of microscopic animalcules. 

But the most abundant rock which can be regarded as the prod- 
uct of animal organization is the coral formation. It consists of 
immense walls of coral limestone, separating either an atoll or the 
land of an island or continent from the open sea. The base of 
this wall has a width varying from a hundred feet to a mile or 
more, and the outer edge of it is at such, a distance from the shore 
as to give a depth not much exceeding a hundred feet. Over 
this area of the bed of the sea, which forms the base of the wall, 
the coral polyp commenced its work. Attaching itself in im- 
mense numbers over this area, it deposits calcareous matter from 
its under surface, and thus, by degrees, elevates itself towards the 
surface of the water, till it reaches a level a little above low-water 
mark. The height of the wall would not, with these conditions, 
exceed one hundred feet ; but some hundreds of the islands sur- 
rounded by coral walls are gradually subsiding. The depositions 
of the polyps keep pace with the subsidence, so that this wall has 
reached an elevation from its base of a thousand feet, and in one 
instance of two thousand feet. (See Figs. 61, 62, 63, 64.) 

Most of the islands of the torrid zone are thus surrounded with 
coral reefs, except a few where the cold polar currents reduce the 
temperature too low to admit of their growth. In one instance, 
along the north-east coast of New Holland, there is a coral ree^ 
some twenty-five miles from the land, which has a continuous ex- 
tension, excepting occasional inlets of no great depth, of a thousand 
miles. The reef along the island of New Caledonia is four hun- 
dred miles long. A large number of other reefs have a nearly 
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eqaal extension. There is thus an area of several thousands 
of square miles covered to a great depth with this coralline lime- 
stone. Some limestone formations of great extent among the older 
rocks were the work of similar animals. These lower forms of 
organization have, therefore, always been important geological 
agents, both in collecting the carbonate of lime from its solution 
in the waters of the ocean, and in depositing it as solid rock. 



SECTION IV. — AQUEOUS CAUSES. 

Water is, next to heat, the most important geological agent. 
All the stratified rocks are aqueous deposits, and their total 
amount is in some respects a measure of the influence which this 
agent has exerted. The materials have been obtained from the 
destruction of preexisting rocks, transported by water, and depos- 
ited in layers. 

When the first strata were formed, the sediment must have 
been obtained entirely from igneous rocks, because only those 
xooks existed ; but now it is obtained firom every kind of rock 
which is exposed to abrading or decomposing agencies. Hence, 
many of the later formations contain fragments, and sometimes 
within the fragments well-characterized fossils, of earlier formations. 

The sediment whidi is ultimately to become stratified rock is 
deposited on the beds of the ocean, and other great reservoirs of 
water. The fi)rmation of most of the aqueous rocks, therefore, as 
well as of the igneous rocks, is deep below the surface ; and neither 
of these operations, on the large scale, is directly exposed to our 
^observation. We may, however, learn by observation, how the 
sediment is furnished to the waters and transported by them, and 
we can fi)rm some correct ideas of the manner in which it will be 
laid down on the bed of the ocean, and solidified. 

I. The Fkimisking of Sediment. 

1. Almost all the minerals which occur in the geological forma- 
tions are, to some slight extent, soluMe in water. Hence, rain 
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water, by passing through a stratum of earth or rock and reap- 
pearing as a spring, loses the insipidity which it had as pore 
water, and becomes palatable. It is then found to hold in 
solution some small proportion of earthy substances, upon which 
this change of taste depends. Although the proportion of dissolved 
matter is very small, yet the surface of earth upon which this dis- 
tilled water is shed is one-fourth of the sur&ce of the globe, and 
solution below all that surface is constantly taking place. No 
inconsiderable amount must thus have been furnished, &om the 
existing rocks of each period, towards the formation of the strata 
of a later period. 

There are some substances which are soluble in water, in large 
quantities. Bock'Salt is an example. It is not fi)und in any 
Tory large proportion in rocks generally, but a very large segre- 
gate amount has been taken up by the waters which have filtered 
through the strata. The ocean gathers into itself, by degrees, all 
the soluble substances which are thus taken up. It receives sup- 
plies of water charged with these substances from springs, .rivers 
and lakes. It returns as much water as it receives ; but it is 
always in the form of vapor, and is therefore pure water. Hence 
the saline properties of the ocean, and of those inland seas which 
have no outlets. There is thus gathered the materials for the 
rock-salt deposits. 

But many substances which are not considered soluble in water 
become so by some modification of the water. Water of a high 
temperature is capable of dissolving silex. In Iceland and other 
volcanic regions, the hot springs are charged with silex, which is 
deposited as the water cools. Thus, siliceous formations accumulate 
around springs of this kind. The various agates may have been 
deposited from such solutions. 

In the decomposition of mica, folspar and volcanic rocks, a con- 
siderable amount of potassa is set free. Potassa or soda renders 
the water in which it is dissolved capable of dissolving silex in 
large quantity. In these ways water removes, with some degree 
of rapidity, one of the most insoluble minerals which rocks contain. 
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lo volcanic countries, and in coal distriots, carbonic acid is 
abundant, both in spring-water and in the gaseous form. Water 
charged with this gas becomes capable of dissolving limestone. 
Where the water is exposed to the air, the gas gradually escapes, 
and the calcareous matter is deposited. Many accumulations of 
this kind are now taking place. Some have already extended 
several miles in length, and they are often of great thickness, — 
in one instance, in Italy, two hundred feet (Fig. 72). It is also 
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probable that many calcareous spnngs issue below the surface of 
lakes and seas, and thus, both fresh-water and marine deposits 
would now be forming. These formations are distinctly stratified, 
and are white and crystalline, and become solid at the time of 
deposition. 

These dissolved materials are less observed than others, because 
they do not render the water turbid; but there is reason to believe 
that several of the aqueous formations, particularly the limestones, 
have been built up chiefly from them. 

2. The abrading action of rivers furnishes considerable detrital 
matter. The general form of the riyer courses is. determined by 
other causes than the agency of the river itself, yet a river which 
has a rapid current is continually deepening its channel. We have 
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proof of thia by obeerriDg, when the water is low, that irregnlarity 
of Bor&oe which niiming water always produces, by wearing away 
the softer parts of the rock, and leavii^ the harder in relief. 
Hence, a river will have its rapids either where the hardest strata 
occur, and which therefore wear down least rapidly, or where the 
lock has been hardened by the intrusbn or near proximity of 
dikes. 

The abrading power of rivers occasionally becomes greatly 
increased by water-falls. The force which the water acquires in 
its descent is such as to excavate a deep cavity at the foot of the 
fiill, reaching back under the ledge from which the water descends. 
The ledge is therefore constantly being undermined. The cataract 
of Niagara is peculiar, in having the rock at its base of a soft and 
fiiable texture, so that it is rapidly worn away, while the upper 
rock is a compact siliceous limestone. If the order of super- 
position had been the reverse, the &ils would have been converted 
into a series of rapids. It is now preserved as a single fall, and 
as such it has probably cut the gorge, about two hundred feet 
deep and seven miles in length, through which its waters now 
reach Lake Ontario. A few years since, a large mass, perhaps 
half an acre in area, fell from the centre of the horse-shoe £ill. 
Another mass of equal size has recently Mien from the western 
extremity of the ledge. Thus the &11 is gradually receding. 

But the foreign substances, such as driftrwood, ice, sand and 
gravel, with which the waters of a river are occasionally charged, 
contribute more than everything else to its abrading power. At 
such times its volume is generally greatest, and its current the 
most rapid. Its bed is then sometimes perceptibly deepened and 
widened in a few hours. 

Much the greater part, however, of the earthy matter which 
rivers convey in such quantity to the ocean, is furnished by other 
means' than the eroding action of the river itself. It is the loose 
material, the soil and alluvium, to which the solid rocks have been 
reduced by the imperceptible but incessantly operating atmos- 
pheric agencies, from which most of the sediment of rivers is 
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obtained. After a rain, every tributary rivulet is turbid with 
suspended earthy matter, and it is from these sources that the 
larger streams receive the most of their sediment. 

Some observations have been made for the purpose of ascer- 
taining the quantity of sediment which rivers annually carry into 
the sea. The Kennebec furnishes materials which, if spread 
evenly on an area of one mile square, and consolidated into rock 
of the specific gravity of granite, would have a thickness of six 
inches. The Merrimac furnishes about two-thirds as much, the 
Ganges about two hundred and fifty times as much, and the Mis- 
sissippi two thousand times as much. 

Thus, the tendency is, to reduce the highest parts of the land, 
and to fill up the depressions of the sea ; and though we have not 
data enough to form any reliable estimate of the total annual dis- 
charge of sediment into the ocean by rivers, yet they are suffi- 
cient to show that the effects of this kind are on a large scale, and 
to relieve us from any impression that existing agencies are inade- 
quate to the production of the stratified rocks. 

3. The action of waves is another means by which detrital 
matter is furnished. Wherever the shore consists of loose mate- 
rials, and is fiivorably situated to be acted upon by the waves, there 
is annually a sensible encroachment of the sea. Such encroach- 
ments are rapidly making in many places; and thus a large 
amount of sediment is delivered to the waters of the ocean. 

The waves also encroach upon the coast when it consists of 
rocks, even of the most indestructible kinds. They continually 
beat upon it, undermine the clifi&, and precipitate them into the 
sea. The tides increase the power of the waves, by varying the 
place of their action, so as to present the same surface of rock 
alternately to the action of water and of the air, frost and sun. 
During storms, the waves have sufficient force to break off frag- 
ments of rock from the escarpment, sometimes in masses weighing 
twenty tons or more, and remove .them many rods inland. 

A bold, rocky coast always exhibits evidence of a great amount 
of erosion. The steep escarpments and the high ru^ed shafts of 
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lock (Fig. 73) agtktnat nhioli tbe vares mw beat are the reiD< 
nanta of Diassee of rock which once extended further into the sea, 
but have been worn away by tbe waves. It is by gocb, ageocy 
that the deep inlets and harbors of the coast of New England and 
Nova Scotia bare been excavated. 
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This more violent action of the waves la only ooctt^onal ; bat 
when of less power, they are inccsaanfly rolling the loosened fn^ 
ments of rock upon each oUier, and thus wearing them down to 
particles small enough to be carried away by the water. 

4. Tbe action of waves is confined to the coast, and never 
extends to great depths. But marine currents act principally on 
the bed of the sea. The temperature of the mass of the ocean 
is ranch higher in the equatorial than in the polar regions. 
At the Bur&ce, the difierence amounts to Enxty degrees. The 
waters of tbe torrid zone are thus expooded, and flow over the 
colder waters of the north and south ; while these colder waters 
of the polar seas flow back, in an under current, towards the 
equator. 

For the same reason, — a difference of temperature, — there will 
be, in the higher regiooa of the atmosphere, a current of >rarm and 
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moist air flowing from the equator north and south, while the oold 
and dry air comes in from the polar regions towards the equator. 
In this way the equatorial waters are carried, in a state of vapor, 
towards the poles, where they are condensed, and go to increase 
the currents of water moving towards the equator. 

Such are the general causes of the oceanic movements in a 
north and south direction; but these currents at once become 
deflected westward, by the (Hurnal revolution of the earth, as the 
trade winds do. Hence there results a Pacific equatorial current, 
which has a motion of about thirty miles a day, and an Atlantic 
equatorial current, moving from sixty to seventy miles a day. The 
principal marine currents are shown in Fig. 74. 

The currents moving towards the poles are superficial, and 
therefore do not produce any marked geological eflects. But the 
polar currents, and those which are produced &om them, are of 
great depth, and there is no reason to suppose that they do not 
move, from their commencement, along the bed of the ocean. 
There is also reason to suppose that they exist at great depths, 
where the opposing superficial currents entirely conceal them. 

Wherever these currents come to the sur&ce, their motion is 
undoubtedly greater than it is at the bottom, where it is retarded 
by the friction which the moving waters encounter, and by the 
irregularities of the bed of the ocean. It should, however, be 
remembered, that they move with the weight of the whole superior 
body of water ; and therefore, though the motion be very slow, it 
will still possess great power. 

Any irregularities in the bed of the ocean beneath such a 
current must be subject to very rapid abrasion. We shall se3 
hereafter, that earthquake vibrations often shiver the rocks at the 
solid surface ; and if any of these ridges at the bottom of the 
ocean were thus acted upon, the loosened portions would be swept 
away by the current and deposited at lower levels, or where the 
current subsides. If, in any instance during an earthquake con- 
vulsion, a &ult should be produced across one of these marine cur- 
rents, like the great &ult of over five hundred feet in England, 
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the abatment thus thrown up would soon be worn down ; and if it 
consisted of unconsolidated matter, it would be swept away almost 
bodily. 

The eflfect of such currents will be greatest where they are 
deflected by a continent or island. Thus, a marine current sets 
from near New Holland in a direct line to the north of the island 
of Madagascar, where it is arrested by the African coast, and 
deflected into the narrow Mozambique channel, and there acquires 
a velocity of four or five miles an hour. It is impossible that any 
kind of rock should receive the constant force of such a body of 
water without being rapidly worn away ; and, if there should be 
any diflerence of texture in this rocky barrier, the softer portions 
would yield the most rapidly, and thus valleys might be formed. 

It is not improbable that the deep indentation on the western 
eoast of A&ica may have been due, in a great measure, to the coast 
current from the Cape of Good Hope ; and that the Caribbean Sea 
and the Gulf of Mexico may have been excavated by the force of 
the Atlantic equatorial current being thrown into this angle. 

We may regard these currents as oceanic rivers ; and it is obvi- 
ous that the volume of the terrestrial rivers would bear no com- 
parison with that of these currents, and their effects would be 
equally small in the comparison. The Gulf Stream, and the 
Mozambique and other similar currents, must be wearing down the 
valleys through which they flow, to such an extent as to furnish 
an inmiense amount of detrital matter for the formation of new 
rocks. 

It is principally to the agency of these deep marine currents 
that we are to refer those extensive denudations, so abundant on 
the present continents, such as the wearing out of the inter- 
mediate masses of rpck between the hills already referred to 
(Fig. 66), the denudation of the Connecticut river sandstone, and, 
perhaps, the excavations which have formed Lake Erie and Lake 
Ontario. 

n. The Transportation of Sediment. 

The detrital matter obtained in these several ways is swept 
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awaj by running water. The specific gravity of rocks does not, 
in general, exceed two and a half. Hence, to keep them sospended 
in water, will require a force of only three-fifths of what would be 
necessary to suspend them in the atmosphere. In the case of river 
currents, the velocity and irregolarity of motion are^ generally 
sufficient to keep all the finer sediment equally distributed. 

There will, however, be a division of the sediment according to 
the strength of the cnrrrent. Hence, the bed of a mountain 
stream, if there is any loose material, always consists of pebbles. 
As it approaches the alluvial region, the bed is sandy ; and when 
the current becomes very sluggish, it consists of a fine mud. 

Bivers never deposit all their sediment, some of them none of it, 
along their course. Large rivers continue partially distinct from 
the ocean water to a considerable distance beyond their mouths. 
The waters of the Amazon have been recognized at a distance of 
three hundred miles. This depends in part upon the volume and 
velocity of the river ; more, however, upon the fact that river water 
is lighter than sea water. This extension of a river will, in most 
cases, be sufficient to deliver a part of its sediment into a marine 
current, v When such a current sweeps very near the mouth of a 
river, as it does to that of the Niger, the Amazon, or the Missis- 
sippi, it is probable that most of its sediment is carried away by it. 

The transporting power of a marine current is greater than 
that of a river, in consequence of the greater specific gravity of its 
water ; but it has scarcely any of that irregular motion of rapid 
rivers, upon which their transporting power in a great degree 
depends. The force of the current alone, when it reaches the 
bottom, is, however, sufficient to remove every form of loose earthy 
matter. Thus it may be presumed that the Gulf Stream sweeps 
all the sediment from its bed until it reaches the latitude of Cape 
Hatteras, where the cold waters from the north begin to underlie 
it, and it takes the character of a surface stream. 

But the transporting power of marine currents depends mostly 
upon the depth of water. It is found, by experiment, that ordinary 
river sediment will sink in water about one foot in an hour. A 
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current, therefore, of a thousand feet in depth, which moves a mile 
in an hour, would carry its sediment a thousand miles. It is obvi- 
oos, then, that there is no part of the bed of the sea which may not 
be receiving sediment. 

III. The Deposition of SedimeTtt, 

From what has been said of the weight of sediment, it follows 
that it will be deposited whenever the water in which it is 
suspended is at rest, ^ence, when a river increases in breadth so 
as to form a lake, the waters at the outlet are seldom turbid. The 
earthy matters with which the principal and tributary streams 
were charged all settle to the bottom, and go to lessen the capacity 
of the reservoir. Thus lakes are continually diminishing in depth 
and area. In many instances, they are already fOled with sediment, 
and are thus converted into alluvial plains, through which the 
river flows in a narrow channel. 

It is frequently the case that a river, as it approaches the sea, 
has so slow a motion that its sediment is deposited on the bed of 
the stream. Thus the bed will be raised, and the banks will also 
be raised, by the deposition of sediment upon them at periods of 
overflow. The river will then be raised above the adjacent coun-* 
try. The river Po, for the last part of its course, is from ten to 
twenty feet above the adjacent lands. The same is true of the 
Mississippi, and many other rivers. The streets of New Orleans 
are several feet below the surface of the river. In an uninhabited 
country, such a river would soon seek a new and lower channel ; but 
in a populous country, it becomes a matter of interest and safety to 
confine the river in its old channel, by artificial embankments. 

But the principal part of the sediment of rivers is conveyed to 
the sea. It here mingles with the debris which the waves havo 
furnished, and a part of it is deposited to form deltas. The 
remaining part is tsCken up by marine currents, mingled with the 
debris which they have furnished, and is spread out on the bed of 
the ocean. 

Of the extent of these deposits we can form no estimate. Those 
of rivers and lakes are comparatively unimportant, as they are in 
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the older fermations. Some of the delta deposits are already of 
great extent That of the Ganges contains an area of twenty-six 
thousand square miles, that of the Niger twenty-fiye thousand, and 
that of the Nile twelve thousand. The delta of the Rhone has 
increased its area hy three hundred square miles in the last thou- 
sand years. The Po has encroached upon the Adriatic two thou- 
sand square miles in the last two thousand years, and the Missis- 
sippi has enlarged its delta by one hundred square miles in the last 
hundred years. In the deep valleys of the ocean accumulations 
may be taking place on as large a scale as they ever have been in 
former times. 

IV. Character of the FormatioTU thus produced. 

Sedimentary matter thus deposited would take the htm of 
strata. Thus, a delta deposit may recdve at one time fix)m a 
river a layer of coarse gravel and pebbles, and in the course of a 
few hours the carrent may be sor reduced that it will convey to 
the same place only fine sand and silt. Or, if a depositing current 
receive its sediment only at intervals, the heaviest particles would 
be thrown down first, and the more finely levigated particles would 
continue to fidl, till the water became transparent. Another supply 
would furnish another similar stratum, and so on. The same 
arrangement might result from the sediment being furnished by 
different rivers. Thus, if sediment were furnished to the Gulf 
Stream by the Merrimac river, and the streams emptying bto the 
Bay of Fundy, the freshets would occur earlier in the season in 
the Merrimac, and it would furnish a supply of sediment firom a 
region of primary rocks. A later supply would come from the red 
sandstone region of Nova Scotia, and the stratification would be 
indicated by the different kinds of rook produced. Thus stratifica- 
tion will result from difference in the color, composition, or eaie of 
the particles of which rocks consist A great variety of causes, 
both general and local, may therefore give to a deposit this char- 
acter. Hence, as stratified rocks are produced by the sediment now 
laid down from water, we may conclude that the older stratified 
rocks are the sediment deposited in like manner, in former times. 
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The occurrence of layers of di£ferent composition, as one way in 
wHch the stratification is indicated, is produced by local and fre- 
quently recurring causes. There are, however, other altematums 
of much greater extent ; those, for example, nearly twenty in num- 
ber, distinguished by striking differences in lithological character, 
into which the New York system of rocks is divided. These 
alternations have resulted from more general causes. The physical 
geography of a wide region must have been so different, at the 
different periods during which these several formations were 
deposited, as to change, at each period, the kind of sediment fur- 
nished to the forming currents, and modify the types of animal life. 

We have seen that the same causes that determined the strati- 
fied arrangement will determine the alternations of strata of coarse 
and fine materials. 

It is obvious that the stratification of the marine deposits will be 
nearly horizontal. If the surface were very irregular upon which 
the deposition commenced, the irregularity would constantly dimin- 
ish ; for the movement of the water over this surface, however slow, 
would tend to remove the accumulations from the highest points, 
and leave them at the lowest (Fig. 75). Delta and lake deposits 
will, however, dip somewhat, though lig. 75. 

never at a high angle, towards the 
deep water. In certain situations. 
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where a river and a tidal wave, com- 
ing in conflict, cause, in succession, eddies and currents in opposite 
directions, yie should expect to find the stratification very, irregular 
(Fig. 76) ; sometimes ialse stratifications (a b), sometimes the strata 
cut off abruptly, and at other limes contorted or dipping in opposite 
directions within short distances. • 

Wherever sediment is deposited, it will entomb whatever of the 
remains of animal or vegetable life may be mingled with it. They 
will be at once protected against the influence of all the ordinary 
decomposing agencies, and will continue for ages to retain their 
peculiar markings, and even their colors. They will thus constitute, 
in all future time, a record of the present condition of the organic 
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worldL The lacustrine deposits can contain only fresh-water q)ecies 
of animals, marine deposits only marine animals, while deltas may 
contain the remains of marine life mingled with those which have 

Rg. 76. 




been washed down by rivers. The remains of birds, insects^ and 
terrestrial animals, may occasionally occur, in every kind of deposit. 
Sediment deposited in deep water will never contain fossils in 
abundance, the deep parts of the ocean being almost whoUy desti- 
tute of animal or vegetable life. It is only in water of a few 
&thoms that the greater number of species and of individuals 
occur. In all these particulars the deposits now forming sustain a 
dose resemblance to the older formations. 

There are certain formations, as that of the coal, which required 
conditions for their formation different from those of ordinary 
sedimentary deposits. Coal consists of mineralized vegetable mat- 
ter. Its vegetable origin is proved by the uniform occurrence of 
vegetable fosals almost exclusively in the coal measures. When 
reduced to thin slices and examined under a high magnifying 
power, a structure very similar to the ligneous tissue of existing 
coniferso is sometimes found to exist. There are probably vegeta- 



AQUBOUS CAUSES. 117 

ble deposits now taking place not altogether unlike those which 
prodaced the coal measures. 

We know that many rivers — the Mississippi, for example — now 
carry into the sea great quantities of ligneous matter. Before the 
country was inhabited by man, the quantity was undoubtedly much 
greater than it now is. It floats for a time ; but the ligneous tissue 
itself is heavier than water, and as soon as the air is excluded from 
the pores, and they are filled with water, it will sink. The woody 
and earthy matters are swept into the sea together; but, as they 
sink under different circumstances, they will be deposited separately. 
Thus toood may continue to accumulate in particular jdaces in 
the sea for long periods, vdth but little intermixture of earthy 
substances. 

It is, however, to be expected that, in the progress of geological 
changes, the places which at one time receive deposits of wood will 
at another receive detrital matter, and thus the toood vnll become 
deeply buried beneath sedimentary strata. 

Wood thus situated will become converted into coal. Trees 
which had been covered to considerable depth with earth have 
been found near the Mississippi river changed to lignite, a sub- 
stance resembling charcoal. In this case, the wood had been 
exposed to no greater heat than is common to the crust of the 
earth at the depth where it was found ; and yet it had under- 
gone this change since the country has been known to Europeans, 
as it retained the marks of the axe when it was discovered. It 

r 

has also been found by experiment that vegetable matter, by long 
submersion in water, passes into the state of lignite. This is the 
first step in the conversion of wood into mineral coal. 

When lignite is exposed to moderate heat and great pressure, it 
loses the characters of lignite, and becomes mineral coal. This 
is shown by facts observed in Germany, Ireland and Iceland, where 
beds of lignite have been overspread by basalt. The upper por- 
tions of the lignite are changed to mineral coal. The lower por- 
tions, which the heat did not reach, retain the characters of 
lignite. 
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•Beds of vegetable matter, with a great tMdsesB of rock depos- 
ited aboye them, would therefore be sabject to all the omditions 
neoesBarj to convert them into coal, namely, pressare from the 
rnqHsrincombent ii»», and tiu heat which the strata uniformly 
asBome at great depths. 

It is not improbable, therefore, that ooal-beds are now inning, 
and that they have been formed at every geological period einoe 
an abondant terrestrial vegetalaon commenced. Aooor£ngly, there 
occors in Virginia an extensive coal-field in the oolite fi)rma1»m. 
Coal-fields also occur in England, of less extent, in the same form- 
ation. In France, and other parts of Europe, there are extensive 
beds of lignite in the tertiary fbrmation. 

'We have therefore no di£Eiculty in accounting, in a general way, 
fer the formations of the carboiu&rous period. The vegetables 
were probably less woody than those of the present time of equal 
size, and were therefore more easily prostrated and committed to 
the waters. They grew rapidly in moist ground, and perhaps in 
shoal-water, and required an atmosphere charged with moisture 
and of a high temperature. Thus much is inferred from the con- 
ditions most fiivorable for the growth of recent species analogous to 
the coal-plants. These recent species are tropical plants, and grow 
in moist insular situations, — conditions which would have existed 
at the carboniferous period, if the present coal-fields were then an 
aiehipekgo dotted with low islands. 

Such being regarded as the origin of the coal-beds, the altema^ 
turns of the earthy and carbonaceous strata may be referred, pro- 
visionally, to those great changes in physical geography upon which 
the other alternations of strata on a large scale depend. But the 
regularity with which the coal-seams and sandstone succeed each 
other presents some difficulties which, in the present state of knowl- 
edge, we cannot satisfactorily account for. 

Beds of salt occur, intorstratified with other rocks, in nearly all 
countries. Still, it is not a sedimentary deposit, and its formation 
must depend upon peculiar circumstances. In New York, saline, 
together with earthy matter, constitutes the Onondaga limestone, 
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one of the formations of the New York system. In Kentucky, the 
strata of rock-salt are in the coal formation ; in England, they are 
in the new red sandstone ; in Spain, they are in the greensand, and 
in Poland they are in tertiary strata. The conditions of its ferm- 
ation have therefore existed in connection with the deposition of 
every fossiliieroas ttxk. 

It has been shown that the ocean is the principal reservoir of 
the saline matters which are taken up whenever water percolates 
through rocks. It must happen not unfrequently, in the course of 
submarine elevations, that a basin of sea-water will be cut off firom 
its communicatbn with the sea ; and firom this basin the evapora- 
tion might be more rapid than the supply of water. The great 
salt-lake of Utah is undoubtedly a basin of this kind. The Med- 
iterranean Sea is another such basin, not yet wholly separated from 
the ocean. The evaporation exceeds the supply of water &om the 
rivers, and a powerful stream is therefore continually thrown in 
from the ocean, through the Strait of Gibraltar. The waters of the 
Mediterranean are already more highly charged with salt than 
ordinary sea-water. This sea may ultimately become a saturated 
solution, and begin to deposit salt. But whether it does, or not, it 
indicates the way in which salt-beds may be formed. 

V. Solidification of Aqueous Deposits, 

Sediment is generally deposited as a sofb mud, but in nearly all 
the older formations it has become solidified. When rocks are 
deposited from a chemical solution, they take at once the solid 
form. Such is the case with rock-salt and with limestone, when 
the material has been held in solution. Solidification takes place 
in nearly the same way when water which holds carbonate of lime 
or oxide of iron in solution filters through beds of sand or gravel. 
The substance held in solution is deposited in the interstices till 
they become filled, and the whole is changed to solid rock. 

Some tocks are composed of such materials that they set^ like 
hydraulic cement, when they are deposited. Other rocks become 
solid simply by drying. Thus a deposit now forming in Lake 
Superior becomes, by drying, nearly as hard as granite. Such a 
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depoBit will thereford become solid whenever it shall be elevated 
above the water. 

The pressure to which all but the upper layers are subjected is 
probably soffioient to reduce most rocks to the solid state. Dry 
and pulverized day is reduced by artificial pressure, for a moment, 
almost to stone. The pressure upon the deep-seated rocks is con- 
stant, and greater than any artificial pressure can be. 

In addition to these causes, all the older rocks have been sub- 
jected to a high temperature, some of them nearly to that of 
fusion. By this means the solidification of every kind of rock 
would be promoted, and probably some may have been reduced by 
it to the solid state, which would otherwise have remained as an 
incoherent mass. 



SECTION y. — AQ17X0-OLACIAL ACTION. 

1. Glaciers, — A glacier is a mass of ice occupying the bed 
of a mountain valley, having a slow progressive motion, and 
reaching somewhat lower in the valley than the line of constant 
snow. (Fig. 77.) The Glacier des Bois, which may be regarded 
as a specimen of the Alpine glaciers, covers an area of about seven- 
teen square miles. In its lowest portion, when all its branches 
have become united into one stream, it has an average width of 
half a mile, and is five miles long. It is estimated that the gla- 
ciers of the Alps cover an area of fourteen hundred square miles. 
These have been the most carefully studied, though glaciers are 
found in the valleys of various other ranges of mountains. 

In the higher valleys, the snow, which falls at all seasons of the 
year, accumulates in immense quantities, and the steep mountain 
sides contribute, by frequent avalanches, to this accumulation. The 
snow, when thus increased, does not become a compact, adhesive 
mass ; but, changing into particles of solid ice, it resembles sand 
rather than snow. It is this neve which constitutes the upper part 
of every glacier, and which, in a modified form, constitutes the 
lower part. 
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The Yalleys descend rapidly towards the base of the mountains; 
and this snow-ice, havmg no cohesion between its particles, moves 
slowly davon the slope of the valley , like a very imperfect liquid, 
A^r descending below the line of perpetual snow, the sur&ce 
will melt during the day ; and the water, sinking into the porous 
mass, becomes'^rozen, and converts the whole into more or less 
compact ice, yet neyer into a rigid mass. Influenced by its own 
weight, and by the pressure of the snow-ice behind, it still contin- 
ues its motion, and conforms itself to the shape and curves of the 
valley through which it passes. The average movement per annum 
may be stated at about five hundred feet. 

Hie temperature of the rocky bed of the valley will be a little, 
and but a little, higher than thirty-two degrees. There will there- 
fore be but little melting at the bed of this river of ice. As it 
receives continual accessions from the atmosphere, it will there- 
fore increase in volume till it descends to the level of perpetual 
snow. Below this line the toaste exceeds the addition; and as it 
approaches the lower and cultivated portions of the valley, it rap- 
idly diminishes, till it finally loses the solid form, and becomes a 
rivulet. The terminus of the glacier is determined principally by 
the general climate of the country. Any considerable variation 
of climate will cause it to recede, or descend lower down the val- 
ley. The terminus varies, however, somewhat with the seasons, 
being lower in winter than in summer, though the motion is much 
less in the cold season than in the warm ; and it descends many 
rods further some seasons than it does others. 

The glacier consists principally of snoW) more or less modified in 
structure ; but it also contains whatever else may have been thrown 
upon its surface, or into the snows by which it is fed. Tributary 
glaciers extend up through all the gorges into which the irregular 
surface of the mountain-top is divided. On these rough peaks 
there are always fragments of rock, varying in size from fine sand 
to masses weighing many tons ; some of them loosened when the 
mountain was upheaved, some by subsequent earthquake vibra- 
tions, and others still by tempests, lightnings, and changes of 
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temperature. When the bdow hia accamnlat«d to > certian 
extent on tlie steep slopes, it &118 in ATalanohea into the valleye, 
oorrying with it looeened tnaffies of rock, and o&tas breaking off 
large fragmaate fnat the rode; escarpments against which it 
atiikes. 7%eae avalandieB are almost oonstantlj descending, and 
henoe aglsoia always oootuoB oonmdenble earthy matter distrHf 
vied through it. 




Hie finotion of the g at a ts edgv^ and along its bed BBp- 
itntea more or lees of the rock over wb oh it mores and henoe 
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there is always a layer of mud and pebbles iinder the glacier, and 
a line of loose fragments, called a lateral moraine^ at the sides. 
When two glaciers onite, the two lateral moraines, thus brought 
together, come to the surfiioe, forming a medial moraine, and show 
the line of junction sometimes lor miles. 

The friction of the glacier on the bed of rock, assisted by the 
layer of pebbles, will wear down the prominent portions, and 
everywhere polish the surface. Fragments of rocks may be frozen 
into the glacier at all depths. Those which lie near the lower sur- 
face of the glacier would, by slight melting of that sur&ce, project 
downward so as to act as a graver's tool on the rock over which it 
passes. Hence, when the extremity of the glacier has receded 
beyond its ordinary limit, the surface of rock exposed is &und, 
upon examination, to be polished, striated, and occasionally grooved 
an inch or two deep. 

Since the waste is almost wholly superficial, earthy matter, which 
was at first concealed in the mass of the glacier, is continually com- 
ing to view, as the surface melts and runs off. Thus, none of the 
freight of the glacier is left along its course, but all is carried to 
its terminus and discharged there. Hence, at the lower extremity 
of the glacier there is always an embankment of earjLh, pebbles, 
and boulders. If the glacier recedes a few yards at one season of 
the year, and leaves its earthy fragments scattered over this sur&oe, 
they will be pushed forward into a ridge, as the glacier again 
advances. This ridge is called a termiTud moraine, and consists 
wholly of substances which have been separated from the mountain 
mass, oflen at the highest begiunings of the glader. At the ter- 
minus of all the Alpine glaciers, there is a series of these moraines 
{a a a, Fig. 77) marking the successive limits of the glacier in 
former limes. 

There is a ridge of boulders on the north side of the Swiss val- 
ley, near the base of the Jura Mountains, resembling a terminal 
moraine. These boulders consist of several groups, distinguished 
by peculiarities of structure and composition ; and each group lies 
opposite to the particular Alpine valley which now furnishes the 
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flame kind of fragments. It has been thongbt that<» at a former 
period of more severe climate, the Swiss yalley was filled in part 
with ioe, and that the present glaciers extended across it to the 
Jura Mountains. 

It is found that the polished and striated sur&oes of the rocks 
in liie Alpine valleys are precisely like the surfiioe of the rock, 
which has not been exposed to atmospheric influences, in the 
north of Europe and America. It has been proposed to extend 
the glacier theory, and account for these phenomena by suppoong 
that the north polar redone were, at the ice period, capped with 
a glacier-mass, extending as &r south as the drift phenomena 
appear. 

It is not to be doubted that the phenomena of polished sur&ces 
and transported materials in the immediate vicinity of the Alps, 
and near other high mountains, are correctly referred to glacial 
action. This theory has therefore solved, in part, one of the most 
difikmlt problems in geology; but there is great difficulty in 
extending it so as to account for the drif); phenomena in general. 
If the motion depends upon gravitation only, the ori^n must have, 
a much greater elevation than the terminus, which would not be 
the case in the great glacier supposed to extend southward from 
the Arctic regions. Elevation of temperature, it has been thought, 
might account for the movement of the mass south wai-d. 

2. Icebergs. — In very high latitudes, the ice, which makes out 
from the land into the sea during the cold season, su£Fers but little 
waste at any time. This sheet of ice continues to increase in 
breadth and thickness, by congelation, from year to year. The 
spray and the snows of each succeeding year will also add to the 
mass. It thus accumulates to the height of several hundred 
yards. It will also reach down a good many feet below the surface 
of the sea, and will extend back on the land, or lie heaped up 
against a precipitous escarpment, and firmly frozen to<it. 

After a certain amount of extension over the sea, the accumu- 
lated weight of the ice and snow would tend to depress it, and 
break it loose from the shore. The waves would tend to the same 
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result, and would act at great«r mechanical advantage, aa ite exten- 
Roa from tKe shore becomea greater. Hence, it would ultimaidy 
iecome separated from the thore, and float in the nater. 

At its cammeDcemeDt, the earth, pebUea and rooks, which maj 
Ik along the shore, and as &r down into Iha sea as the congela- 
tion extends, are frozen into it. In many ntnations its mass wooH 
be inoreaBed bj avalanches while It remained attached to the land, 
and llieae woold supply also masses of earth and rocks, as they do to 
glaciers. When it becomes loosened from the shore, it will break 
OS, and carry with it some of the earthy portions of the coast, or 
the lecB firmly fixed masses of rook from the escarpment agajust 
which it formed. Thus every iceberg becomes freighted, mdre 
or leas, with earth and roc/a. This has almost uniformly been 
Ibnnd to be the case, when they have been lauded opoD by shife' 
crews and examined. 

We have seen that the general tendency of the waters of the 
ocean, and of the lower stratum of the atmosphere, is to a motjon 
from the poles towards the equator. However irregular, there- 
fore, the course cf an iceberg may bo, its general movemeTtt, infla- 
enced both by the prevailing winds and by ocean currents, will be 
tmeards the equator. 

These floating ice-mountains (Fig. 78) are formed in great ntun- 

Fig, 78. 




hers, and cf vast size 
water are such that i 



The relative specific gravity of ice and 
10 oubio feet, of ice, below the sur&ce of 
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water, wiU support one cubic foot above it. As icebergs are often 
one or two hundred feet high, their vertical depth must be a thou- 
sand foet at least ; and their area is equal to a square mile, and 
sometimes it is much greater. In 1840, the United States Explor- 
ing Expedition, in the extreme southern ocean, coasted for eighty 
miles along a single iceberg. Ihej are never absent from the 
polar seas ; and at certain seasons they are so abundant along the 
usual course of vessels from New York to Liverpool, as greatly 
to obstruct and endanger navigation. 

An iceberg may continue for some time to increase in size, while 
floating in the polar seas, but will at length reach a latitude where 
the waste will exceed the additions, in consequence of the tempera? 
ture both of the air and of the water. It will, therefore, drop 
gradually the earthy matters which it contains, upon the bed of 
the ocean. 

It is not improbable that icebergs may often reach down so for 
as to strike the highest points of the bed of the sea. The ice. 
would be lifted, and glide over the elevation, without suffering any 
perceptible deviation from its general course. It would thus affect 
the surfoce of rocks exactly like a glacier. If, however, the ice- 
berg becomes permanently stranded, and melts in one place, its 
earthy matters will be thi'own down upon the elevation which first 
arrested it. 

If the bed of the sea, between the fortieth and sixtieth degrees 
of latitude, could be exposed for examination, the rocky surfoce 
would be found .to be polished and striated by the icebergs which 
have passed over it, and the whole surface would be strewed with 
boulders and drifted materials brought from Arctic and Antarctic 
lands. Sometimes it would be accumulated in heaps, and some- 
times spread nearly over the surfoce. 

We have seen that very recently, probably about the dose of the 
tertiary period, the portion of Europe and America over which the 
northern drift is found, has been depressed several hundred feet. 
It may be presumed that at that time icebergs floated over it, pol- 
ished the surface of the rocks, and distributed the boulders and 
other drift which is now found upon it. 
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SECTION TI. — IGNEOUS CAUSES. 



I. Of the Temperature of the Mass of the Earth. — Heat has 
been the most efficient agent in determining and modifying the 
structure of the earth ; and, in order that the explanations of the 
phenomena referable to this cause may be intelligible, some idea 
must be formed of the actual present condition of the mass of the 
earth with respect to heat. 

At any point of the surface there are variations of temperature, 
depending on external .causes. But these variations are found to 
extend only a little way below the surface, — never more than a 
* hundred feet. At greater depths, it is found that the temperature 
invariably increases with the depth. Deep mines have always a 
temperSiture above the mean annual temperature at the surface. 
The water obtained by deep boring is always tepid when it comes 
to the surface. The thermal springs^ so abundant in this country 
and in Europe, are so situated as to justify the impression that 
their waters come &om great depths. To make these general 
observations of any value, we must determine the law by which 
the temperature increases. The result of all the observations yet 
made, in mines and upon wells and springs, is that, below the first 
hundred feet, the temperature increases by one degree of Fahren- 
heit's scale for every forty-five feet. 

Regarding this law of increment as applicable to all depths, at 
ten miles below the surface we should have a temperature above 
that produced by the combustion of wood; and at twenty-five 
miles, a temperature of three thousand degrees, by which nearly 
all mineral substances would be reduced to a state of fusion. 

The general conclusion of a temperature sufficient to melt the 
mineral substances of which rocks are composed, at no considerable 
distance below the surface, is confirmed by the fact that portions of 
the interior of the earth — at least, at the volcanic centres — are in 
a melted state. The intimate connection between some volcanoes 
situated a hundred miles or more apart, so that they are alternately 
in a state of activity and rest, indicates that these centres are con- 
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neeted, — that subtemnieaa melted laya extends fnnn one to the 
other, 80 that when one is actiye, the elastic fbroe is relieired at 
the other. These deep^eated lakes of laya mnst therefore under- 
lie large areas. 

We are justified, then, in concluding that the mass of the earth, 
with the exception of a comparatiYely thin superficial layer, has a 
very high temperature. 

By way of accounting for this temperature, it is now generally 
assumed that the earth was or^nally in a state of fusbn ; that it 
was a mass of liquid lava (if, indeed, it had not a temperature suf- 
ficient to reduce it to the aeriform state). Starting wiili this 
assumption, there must necessarily be a gradual reduction of tem-^ 
perature by radiation, and a time must arrive when the sur&ce 
would be crusted over with solidified lava ; and this crust would 
increase in thickness as the cooling advanced, the interior still 
retaining its heat and liquidity. The present conditum of the crust 
of the earth, its form, that of an oblate spheroid, with the exact 
difference of the equatorial and polar diameters which is fi)und to 
exist, as well as the phenomena of volcanic eruptions, will all 
admit of explanation on this hypothesis. 

It has, however, been rejected by some ; and, to account for the 
heat of the interior of the earth, it is suggested that, if the bases 
of the earths and alkalies, particularly potassium, sodium and cal- 
cium, exist in their metallic state beneath the surface, the rapid 
oxidation of them by the access of water would generate heat of 
sufficient intensity to melt the oxidized materials, and thus account 
for the phenomena attributable to heat. 

Either of these hypotheses may be adopted ; but it is not neces- 
sary to account at all fi)r the existence of this temperature. The 
fact is susceptible of proof; and, though we may not be able to 
frame any hypothesis to account hi its existence, we may yet 
employ the fact in the explanation of other phenomena. 

II. The Action of Internal Heat in prodttcing Volcanoes^ 

The phenomena of volcanoes and earthquakes are evidently pro- 
duced by some force operating ^m below. The effect of heat 
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alone would be to reduce the rock to a liquid state. There is no 
reason to suppose that it is ever sufficient to reduce them to the 
aeriform state. The elastic force must therefore depend upon 
some other substance associated with the lava, and this substance 
is water. 

This will be shown by an examination of lavas. At the time 
of their ejection, they are in a fluid or semi'duid state; but it is not 
a complete fusion. Even the most fluid lavas contain particles of 
minerals in a solid state. The liquidity depends upon the fusion 
of the more Visible portions, and upon the steam of water at a 
high temperature, which fills the interstices between the solid par- 
otides. The porous character of cooled lavas is produced by the 
steam which filled the cavities previous to solidification. Steam 
always escapes from the surface of a lava current while it is cool- 
ing, and it is always discharged in immense volumes from the 
orifice of eruption, in connection with the lava, and especially at 
the close of an eruption. 

The geographical position of volcanoes, also, leads to the con- 
clusion that water is essential to their activity. There are five 
principal lines of volcanic activity. One, commencing at the 
southern extremity of South America, extends northward along 
the Andes and Cordilleras to California or Oregon. The second 
has a north-east and south-west direction, from the Aleutian 
Islands through the Kurule, Japanese, and Philippine islands, 
till it meets the third line, lying in a nearly east and west direction, 
embracing Sumatra, Java, and most of the Pacific volcanic islands. 
A fourth band commences in the Grecian islands, and extends 
westward so as to include the volcanoes of Italy and the adjacent 
islands, and the Azores. The fifth band embraces the volcanic 
islands of the West Indies, crosses Mexico in about the latitude 
of the city of Mexico, and extends into .the Pacific. There are 
also some isolated centres of volcanic activity, such as Iceland. 
These volcanic bands embrace about three hundred volcanoes. It 
will be seen that they must nearly all be in close proximity to the 
ocean, or to large seas. About two-thirds of them are on islands. 
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MoreoYer, the VQloamo Tents whidi are wholl j sdbnmriDe are 
probably very nnmeroiuu 

This drcomstance of tbe poration of volcanoes establiahes a pre- 
snmption that thej cannot exist at a distance from some large 
body of water ; and, taking it in connection with the constant 
presence of aqueoos yapor in hiva, we are justified in the conclu- 
sion that the pretence of water is an essential condition of volcanic 
aetimty. 

Knowing that heat and water exist at the volcanic centres, it is 
not difficult to form an idea of their mode of operation. The 
water, diffused through the interstices of the lava, and subjected to 
a temperature sufficient to melt the lava, vrould possess an dastic 
power f which, though never computed, we may well suppose capa- 
Ue «f overooming any resiBtance which the crnst of the earth 
might present. The repressing fbroe will be the tenacity and 
. weight of the superincumbent strata. Whenever the elasticity is 
superior to this repressing force, it will manifest itself in the £rac- 
ture of the strata, and often m the qection of lava to the sur&oe. 

This fracturing of the strata, produced by an uplifting subter- 
ranean force, is believed to be the cause of the mnae and the vibra- 
tory motion which are the chief phenomena of earthquakes. The 
elastic force may raise lava to the surface, and thus the fracture 
vrould become a Tolcano. But the force may expend itself by the 
discharge of vapor into the fissure, or by merely filling it with 
lava. In either case, the only evidence of the existence of the 
volcanic force would be the noise and the wave-Uke motion expe- 
rienced at the surfooe. The cause of the volcano and earthquake 
is therefore the same, though the phenomena which characterize 
them are different. 

When the strata are is thus fractured, lava may for a time be' 
discharged along the whole line. By the cooling of lava in the 
fracture, it would become partially reunited. Still, this would 
be the line of least lesistance. It would therefore be again burst 
through in certain places, which would long continue to be orifices 
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of discbarge, and thus tfaye ori^nal fracture would determine a line 
of volcanic activity. 

The repressing force may become greater at an orifice of erup- 
tion than at some other point, either bj the great accumulation of 
ejected materials around the opening, or bj the dormancy of the 
volcano long enough for the complete solidification of the lava 
with which the channel was filled. The least resistance may then 
be far from any previous vent, when a new orifice of discharge 
wiU be opened, and a new volcano make Us appearance. It 
seems probable, also, that volcanoes may become extinct by the 
reduction of temperature at the volcanic centre, and that new vol- 
canic centres may be formed; but the cause of this change of tem- 
perature is not yet well understood. New volcanoes have broken 
out in the sea, near Iceland, in several instances ; others in the 
volcanic line east of Asia. Graham Island, situated between Sic- 
ily and Africa, was formed by an eruption which broke out in the. 
bed of the sea where the soundings were more than one himdred 
&thoms. The island was at one time two hundred feet above the 
sea, and three miles in circumference. It was, however, gradually 
destroyed by the action of the waves, and now remains a danger^ 
ous reef, covered by less than two fiithoms water. The volcano 
of Jorullo, in Mexico, was formed in this way. Previous to the 
formation of the mountain, the region where it now is was a culti- 
vated table-land. During the year 1759 volcanic action com- 
menced and continued, until, at the expiration of twelve months, a 
cone had been formed having an elevation of sixteen hundred feet 
above the adjacent plain. 

An orifice of eruption is at first but little elevated above the 
general surfiice; but, by the accumulation of ejected matter, a cone 
is at length formed around the vent. ^ The upper portion of a cone 
always consists of these materials, but there may also be in pro- 
gress a general elevation of that part of the earth's crust, and the 
cone will partake of that general elevation. The cones of the 
Andes owe their height, in a great measure, to a general movement 
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of elevatioD ; ttiOEe of iBtna and VesnTiua, in a greater degree, to 
accumulaUoD of ejected matter. 

In either wa;, the height nuj become so great that the fitroe 
necessary to raise a colnma of lava to the top nouJd be greater 
than tlie sides of the cone, weftkened as thej always are bj frao- 
tores in all directions, can Boston. Heoee, the highest cmters of 
^tiia and South America have long been clceed, and the lava 
escapes through fissures at a fower level, and lateral cones are 
produced. 

The ibnn which the materials have, when ejected from volca- 
noes, depends mainlj upon the degree of liquidity of the lavas at 
the volcanic focn. If the liquidity is very perfect, the aqueous 
vapor will readily rise through the lava. The steaip thus sepa- 
rated will drive before it whatever rooks, or previous lavas, may 
obstruct it. In their progress they would be reduced to sand and 
powder, and ejected as voUdtiie <xndert, (Fig. 79.) If the lava 
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poescsa considerable visddity, the aqueous vapor will separate vrith 
more difficulty, and the lava and vapor will ascend the channel 
together. I^rge bubbles of vapor will, however, collect with 
more or less of frequency ; and, as they rise through the lava, 
wilt drive forward a portion of it, and cause the orerflow to take 
place by pulsationa. As the bubbles reach the surfaoe, ih«r burst- 
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ing causes the loud reports, which are compared to the discharge 
of heavy artillery. With each explosion some of the lava will be 
projected violently into the air, and, cooling, will fall to the sur- 
face as scories, — or, if the lava be highly vitreous, it will be 
drawn out into fibres, and descend as volcanic glass, 

III. Geological Phenomena referable to Volcanic Action, 

Volcanic agency has probably never been less than it is now, and 
we ought therefore to find its ef^ts very genel*al and important. 

1. The most obvious of these effects are the fractures with 
which the crust of the earth is everywhere intersected. The 
uplifting force upon which all volcanic phenomena depend would 
necessarily fracture the crust, and the wave-like motion resulting 
fiom the fracture would cause numerous secondary fractures, hav- 
ing a parallel direction. They are often of such extent, during 
earthquakes, as to endanger life. During the great earthquake at 
Lisbon, in 1755, a fracture opened of sufficient width to swallow 
up the quay, and several thousands of persons who had fled there 
£)r safety. The chasm remained permanently open to the depth 
of six hundred feet. The earthquakes with which the valley of 
the Mississippi was visited in 1811 so often fissured the surface, 
that the inhabitants protected themselves by clinging to the trunks 
of trees, which they felled transversely to the direction of the 
fissures. 

The first firacture which is produced by the upheaving force will 
open upwards, and scarcely reach down to the seat of the force. 
But there will be other parallel fractures, dependent upon the first, 
and opening downward. Thus, the primary fracture at a (Fig. 80) 
will be at once followed by the fracture j^jg^ 80. 

6f opening toward the lava, which will ^i^^^^^::^^ 5 
be injected into it, and which, on cool- 
ing, will form a dike. Their forma- 
tion is mostly concealed &om observa- 
tion, but not always. During the eruption of ^tna, in 1669, 
numerous fissures opened, one of which was six feet wide and 
twelve miles in length; and the light emitted firom it indicated 
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that it was filled with lava to near the sar&ce. The process was 
as perfectly seen as from the nature of the case it could be. 

2. The conversion of the lower sedimentary strata into mefo- 
morphk rocks has been effected by volcanic heat. The material 
of which dikes consist has been injected in a highly-heated state ; 
and, by observing the effect which they have had upon the adjacent 
rocks, we may judge of the effect which subterranean heat must 
have upon the lower mechanical strata. Wherever the dikes are 
of considerable thickness, they have converted the adjacent shales 
into primary slate, the sandstones into quartz rock, and the dark 
and friable limestones into granular marble, and destroyed the 
organic impressions. In the southern extremity of Norway there 
is a district in which granite protrudes in a large mass through 
fossiliferous strata. These strata are invariably altered to a dis- 
tance of from fifty to fi)ur hundred yards from the granite. The 
shales have become flinty, and resemble jasper; and near the 
gramte they contain hornblende. The siliceous matter of the 
shales has become quartz rock, which sometimes contains horn- 
blende and mica, and therefi}re constitutes a kind of granite. The 
limestone, which at points remote &om the injected rock is an 
earthy, blue, coralline limestone, has become a white, granular 
marble, near the granite, and the corals are obliterated. The 
altered shales and limestones in many places contain garnets, ores 
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of iron, lead, &c. The annexed (Fig. 81) is a plan of this granite 
and altered rock. 
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One of the most instructive examples of metamorphlc action in 
this country is found in the White Mountains of New Hamp^re. 
These mountains have, till recently, been thought to consist prin- 
dpally of granite ; but it is now ascertained that this supposed 
granite is an altered rock of the silunan period. It is represented 
as " intersected by veins of felspathic granite ; and the general 
mass is itself in many parts converted into a near approximation 
to a binary granite, composed of distinctly developed quartz and 
white felspar, with a few sparsely scattered specks of mica. In 
its weathered surfaces it wears a close resemblance to some fine- 
grained granites; but, upon inspecting a fresh fracture with a 
magnifier, we instantly perceive many rounded grains of quartzose 
sand, and the felspar is imperfectly formed, though the mica has 
more nearly reached the condition which it has in granite. In 
some of the coarse varieties of this white rock, small rounded peb- 
bles of quartz are to be seen, giving unequivocal evidence, even to 
the naked eye, of its being an altered sandstone. We feel no hes- 
itation in deciding it to have been a silico-argillaoeous white sand- 
stone, now almost granitized by extensive metamorphic action." 

Similar illustrations, on a small scale, may be seen in every 
country where the strata have been cut through by intrusive dikes. 
Sir James Hall has shown the same by actual experiment. He 
exposed pulverized chalk to heat sufficient to melt it, and imder 
sufficient pressure to prevent the escape of the carbonic acid. 
After cooling, the chalk was found to have taken the form of crys- 
tallized limestone. But instances enough have been given to show 
what changes should be looked for wherever the sedimentary rooks 
have been exposed to a high temperature. 

The lower strata must have been exposed, for long periods of 
time, to such a temperature. We do not know at what depth 
below the surface of the earth the rocks become liquid ; but above 
the line of actual fusion there must be a mass of rock not melted, 
yet scarcely retaining the solid form. For a great thickness, per- 
haps for several miles, it would be in a more or less yielding state. 
As there is not actual fusion, the stratification is not destroyed, 
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but such a d^ree of mobility among the particles exists, that some 
degree of crystallization takes place, and the elastic forces below 
easily bend, throw into folds, compress, and in every way contort 
these strata. At the same time, any organic matters which they 
may contain are decomposed, and the impressions of them are 
obliterated. And sach is the oondition in which the metamorphic 
strata are actually found. 

3. Denudation is, in a great measure, dependent on yolcanic 
action. It results from the billowy motion peculiar to the earth- 
quake. This is not simply a violent horizontal motion, but an 
equally violent vertical one. It is a series of waves, — a succes- 
sion of alternate elevations and depressions of the solid crust 
The height of these waves can only be judged of by their effects ; 
but it is difficult to account &r some of these effects, without sup- 
posing the waves to have been several yards in height, and their 
velocity, in the few instances in which the time has been accu- 
rately determined, was twenty miles a minute. 

That such earthquake waves actually exist there can be no doubt. 
During the e^thquake in Calabria, in 1783, the flagstones in 
many of the towns were lifted from their places and thrown down 
inverted, and trees bent so that their tops touched the ground. 
During the great earthquake in Chili, in 1835, the walls of houses, 
which were parallel to the line of oscillation, were thrown down, 
while those that were at right angles to it, though greatly frac- 
tured, were often left standing. Wherever careful observations 
have been made, during and after severe earthquakes, analo- 
.gous facts have been noticed. Persons are generally afiksted with 
seapsickness. The sea is violently agitated. It often retires to 
an unusual distance, and then returns upon the shore with most 
destructive waves. Incredible, therefore, as it may seem, that the 
solid crust of the earth should be thrown into such wave-like undu- 
lations, the fact is well established. 

With a velocity of twenty miles an hour, the successive waves 
may be some miles apart, and yet be sufficient to account fbr all 
the phenomena. It is evident, therefore, that the curvature of the 
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wave will be very slight, and yet enough to break into fragments 
all the rocks thus curved. During the earthquake in Chili, 
before referred to, " the ground was fissured, in many parts, in 
north and south lines. Some of the fissures near the diffii were a 
yard wide. Many enormous masses had fallen on the beach. The 
efiect of the vibrations on the hard primary slates was still more 
curious. The superficial parts of some narrow ridges were as 
completely shivered as if they had been blasted by gunpowder." 
Similar phenomena seem everywhere to be exhibited by earth- 
quakes. 

It may be presumed that almost all parts of the earth have, at 
different periods, been subject to these earthquake waves. Accord- 
ingly, we find that the crust of the earth is nowhere in an entire 
state, but is divided by irregular lines into comparatively small 
fragments. By this means, the deep fissures produced by fractures 
opening upwards would be filled with fragments of rock shattered 
firom the uplifted edges. In this way the boulder masses were 
originally loosened from their parent beds, and exposed to the 
action of ice, or any other transporting agencies. In the same 
way the rocky bed of the ocean is, to a considerable depth, reduced 
to a disintegrated mass. In this condition it will be rapidly 
removed by marine currents, more or less broken, worn and com- 
minuted, by the movement, and deposited elsewhere. The materi- 
als have thus been furnished for a very large proportion of the 
sedimentary rocks, and especially of those which are composed of 
distinct fragments of other rocks. By this means, also, wherever 
the rock formations come to the surface, they are so broken that 
limestone, sandstone or granite, suitable for architectural purposes, 
is seldom found, except at considerable depths. This fragmentary 
condition of the surface rock is such as exposes it to be acted upon 
readily by any powerfully abrading causes, or to be more rapidly 
disintegrated by atmospheric and aqueous causes. 

4. We have already assumed that one principal division of rocks 
— the unstratified — is of igneous origin. We have the proof 
of actual observation, that lavas, and the accompanying tufas and 
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gritSf are volcanio prodacts. The peculiarities of these products, 
in situation, structure, and form, and in the imbedded minerals, 
are so great, that wheneyer we find these peculiarities in the rocks 
of a country not now volcanic, we still regard these rooks as of 
volcanic origin. We thus have lavas, as well as stratified rocks, 
of different ages. There has probably been no time in the earth's 
history when they have not been forming. 

The trappean rocks are also of igneous origin. It is evident, 
from their occurring ill the fi>rm of dikes, that they have been in 
a melted state. As they rest upon rocks of a sedimentary origin, 
they must have been thrown up by volcanic forces. Yet they cof- 
fer fVom ordinary lavas. They are not vesicular in their struc- 
ture, are more crystaUine, and there is in no CEuse evidence that 
they have flowed from craters. If we regard them as the lavas of 
submarine volcanoes, we shall have conditions which will account 
fi)r all their peculiarities. At a certain depth the pressure of the 
water would be sufficient to prevent the formation and escape of 
vapor, and therefore the lavas thus ejected would not be vesicular. 
As the rapid cooling of lavas depends, in a great degree, upon the 
escape of watery vapor, submarine lavas would cool slowly, in con- 
sequence of the pressure. The liquidity depending in part upon 
the retention of the heat, and in part upon the retention of the 
aqueous vapor, they would consequently remain in a liquid state 
much longer than the lavas of sub-aerial volcanoes. They would 
therefore take a more highly crystalline form. All the loose 
materials thrown out during the eruption would be removed by 
oceanic currents, and hence no cone would be built up around the 
orifice of eruption. We may therefore regard the trappean rocks 
as the lavas of submarine volcanoes. The present volcanoes of 
this kind are necessarily producing the same kind of rocks, though 
there will be no other proof that they exist, except the existence 
of the volcano, till the bed of the sea becomes dry land. 

The granitic rocks are also the product of igneous causes. 
Granite is the most abundant of these crystalline rocks ; and the 
others, such as crystalline limestone, are so intimately associated 
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irith granite that they must have had the same origin. Gran- 
ite is everywhere found to send off dikes into the overlying rocks, 
and must therefore have been in a state of fusion ; that is, it must 
have existed as lava beneath the surface. It is obvious that fluid 
lava always exists in great quantity beneath areas of energetic 
volcanic activity. 

Portions of this lava must in succession take the solid form. 
Wherever the surface is elevated along a line of fracture, the lava 
which is accumulated beneath rises above the level of the general 
reservoir of lava, and will therefore part with its heat more rapidly. 
On cooling, it becomes the granitic nucleus of the mountain. We 
ought also to suppose that, by the extremely slow process of the 
transmisfflon of heat to the surface, the crust of the earth is every- 
where increasing in thickness ; that is, the upper portion of the 
great lava mass is solidifjring. 

Sir James Hall has shown, by experiment, that earthy sub- 
stancesj reduced to a state of fusion, become more highly crystal- 
line as they are allowed to cool more slowly, and are subjected to 
greater pressure. It is difficult to conceive of these conditions 
existing in a higher degree than they do in the cooling masses of 
lava below the stratified rocks. These lavas must therefore take the 
highly crystalline form which the granitic rocks are found to have. 

All the igneous rocks have therefore existed as subterranean 
lavas. The volcanic rocks have become vitreous, the granitic are 
crystalline, and the trappean are intermediate in structure, co- 
inciding with the circumstances of pressure and rate of cooling 
under which they have severally been formed. 

5. The Elevation of Mountains is another result of volcanic 
action. The height of mountains depends, in part, upon general 
elevation. Yet there is a different action, upon which the exist- 
ence of the mountain, as such, depends. Whenever igneous action 
becomes intense under any portion of the earth's surface, and the 
elastic force greater than the repressive, the solid crust will be 
broken and raised up, and along this line of fracture the lava will 
rise above its general level elsewhere. This lava, thus lifted out of 
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the general mass, in time solidifies, and forms the nucleus of a 
mountain. At suGoeflsiye periods the elevating force is renewed, 
and adds somewhat to the mountain mass before supplied. In tfaiB 
way the mountain is ultimately fi)rmed. 

So far as observations have been made, the elevation of moun- 
tains seems not to be gradual, but spasmodic ; and yet the elevating 
force probably accumulates constantly and unifi)rmly. The repress- 
ing force consists of the weight of the strata above, which may be 
regarded as constant, and their strength, which is variable. When 
the elevating force beccnnes greater than both the repressing forces, 
the crust is fractured. The strength of the strata then becomes 
nothing, and the repressing force is the weight alone. The elastic 
n^ below at once expands, and the requisite space is furnished by 
the uplifting of the strata along the line of fracture. As the ridge 
of lava which fills this additional space cools, it redoses, in part, 
the original firacture, and the repressing force again consists of the 
two elements, — weight and strength. There will therefore be no 
further elevation till the elevating force is agsdn superior to these 
two forces. Thus the elevating force, though it may accumulate 
at a uniform rate, will manifest itself only at considerable intervals. 

As the accumulation of lava along the line of fracture is the 
cause of the upheaval, every mountain must have a central gran- 
itic axis. Sometimes this granitic mass is pushed up through the 
fissure, as in the case of Mont Blanc. At other times, the stratified 
rock, which formed the original surfiice, is carried up so as to form 
the surface rock nearly to the top. In either case, the strata are 
lifted along the line of fracture, and left in an indined position. 
In this position the older rocks are always found, wherever there 
has been any considerable amount of igneous disturbance. 

In some instances, the additional space required by the expan- 
sion of tiie igneous mass below is frLmished, not by the uplifting 
of the strata, but by their compression into folds between two lines 
of upheaval. The igneous rock is elevated but little above the 
stratified through which it had burst ; but the stratified rocks have 
taken the undulatory form, and the widening of the igneous mass 
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along the lines of fracture has compressed the undulations, until 
the planes of ike strata have become vertical. Fig. 82 will give 
an idea of the successive changes by which the vertical position of 
the strata has been produced. 

Fig. 82. 
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The fi>rce by which mountains are elevated being the elasticity of 
the vapor difiused through the subjacent lava, it may happen, if the 
lava have a high degree of fluidity, that this vapor will collect in large 
masses, and rise as far as^the lava is in a fluid state. The irregular 
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flow of lava from craters daring an eruption is undoubtedlj doe 
to the rapid asoent of such steam babbles through the lava. Such 
an accumulation of vapor under a mountain maiss, if it cannoi 
escape, would support it as long as the temperature remained 
unchanged. But, upon a reduction of temperature, the mass which 
had been upheaved b j it would be unsupported, and lialde at any 
time to sink. Instances of subsi4ence on a comparatively small 
scale will admit of explanation in this way. Papandayang, one 
of the loftiest volcanic mountains of Java, sunk down four thousand 
feet in the year 1772. The area engulfed was sixteen miles long 
and six broad. The ci^ter of Ejlauea, in one of the Sandwich 
Islands, was evidently formed in this way. It is situated on the 
side of a mountain, and consists of a chasm eight miles in cir- 
cumference and a thousand feet in depth. Liquid lava can always 
be seen boiling in the small craters at the bottom ; and at times it 
rises so as to overflow them, and fill the chasm to within fi)ur hundred 
feet of the top, when lateral subterranean passages are opened, by 
which it is discharged. The same explanation — a depression of 
the central portion — may be given of the formation of the large 
craters in the Canary and Grecian islands. It is also probable that 
Lake Avemus and others, in Italy, and some in Germany, have 
had a similar origin. 

The subsidence of Papandayang is of importance as a historical 
fact ; and it is not at all unreasonable to suppose that larger chasms 
of great depth were also sudden subsidenoes of a similar character. 
Lake Superior has a depth considerably greater than the elevation 
of its surface above the level of the sea. The bottom of the Dead 
Sea is two thousand six hundred feet below the sur&ce of the 
Mediterranean. And at one place in the Atlantic Ocean a sound- 
ing was attempted with more than six miles of line, without reach- 
ing bottom. These sunken areas, however, though of great extent, 
occupy only an insignificant portion of the entire surface of the 
earth. 

6. The Elevation of Continents, — The causes of change of 
level which have been given will not explain those slow vertical 
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movements which are now taking place in Greenland and the north 
of Europe, or those by which the present continents have been 
elevated and the bed of the sea depressed. Any cause which will 
account for these movements must be one operating for long 
periods, under large areas, and with great unifbrmit j. 

The cause which ftdfils all these conditbns most satis&ctoril j is 
a variation of temperature in the mass of rock underlying the 
portion of the surface whose level is changing. It has before been 
shown that the temperature increases as we descend below the sur- 
&oe ; but there is also reason to suppose that it undergoes great 
variations. The volcanic grits interstratified with the Silurian 
rocks of England show that at the Silurian period volcanic fires 
were active below that portion of the surface. When the early 
fossiliferous rocks of this country were deposited, the Alleghany 
Mountains had not been elevated ; but before the tertiary period 
'^ they had taken nearly their present form. Some portion of the 
intermediate period was therefore one of volcanic upheaval. The 
trappean roclcs are also evidence of intense volcanic action existing 
here. France, during the tertiary period, was a highly volcanic 
country ; but all volcanic activity has now subsided. The Andes 
have been mostly elevated since the tertiary period, and are still 
rising. It is evident, then, that at different periods volcanic heat 
may vary from its highest to its least degree of activity, below 
any portion of the earth's surface. 

This variation of temperature must be followed by variation of 
volume of the earth's crust; that is, it must produce expansion or 
contraction. Experiments have been made, under the direction of 
the United States government, to determine the expansion of the 
several kinds of rock used in our public works. It was found that 
granite expands nearly one two hundred thousandth of its length 
for every degree of increased temperature, limestone somewhat 
more than that, and sandstone about twice as much. Taking the 
expangdon of the granite as the basis of calculation, and suppodng 
the crust for a hundred miles in thickness to be undergoing change 
of temperature, theie would be a resulting difference of level 
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ezoeedingtwo and a half feet for each degree of change in temper- 
ature, or more than two thousand five hundred feet for a change of 
(me thousand degrees. 

This calculation is made upon the supposition that the law of 
expansion is the same for ail temperatures, and that no new con- 
ditions are introduced at high temperatures by 4he presence of 
aqueous particles. We know, however, that solids expand more 
rapidly at lugh temperatures than at low,^and the elasticity of 
aqueous vapor at high temperatures must increase the rate of 
expansion of the rock through which it is diffused. Although we 
are not able to introduce, numerically, the effect of these two cir- 
cumstances, yet it is obvious that they must be considerable. 

The mean elevation of land above the level of the sea is about 
nine hundred feet, the mountain masses above that level not being 
included ; and the estimated mean depth of the ocean, not includ- 
ing its chasms, does not exceed two thousand six hundred feet 
The total devotion of the amtinental mmses, for which it is neces- 
sary to account, does not therefore exceed three thousand five hun- 
dred feet. This amount of vertical movement may evidentiy be 
produced by the expansion and contraction resulting from changes 
of temperature. 

These changes of level must, however, be very gradual. Any 
diminution of temperature must result from the transfer of heat to 
the sur&oe ; and the conducting power of rocks is very imperfect. 
The lava in a crater is often so cooled on the surface that it can be 
walked on, while but a few feet bebw it is still liquid. Lava cur- 
rents continue in gradual motion long after the sur&ce is nearly 
cold. This was the case with one of the currents from j^tna for 
more than nine months after its eruption, and with another for 
ten years. Humboldt visited Jorullo forty years after it was 
thrown up, when the lava around the mountain was still in a 
heated state, the temperature in the fissures being on the decrease 
£rom year to year ; but twenty years after its ejection the heat 
was still sufficient to light a cigar at the depth of a few inches. 
Kso long a period is insufficient to solidify a comparatively small 
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qtianlity of melted rock when the ciroamstances for cooling are 
most &vorable, we may well suppose that centuries would be 
required to abstract sufficient heat from the earth's crust to pro- 
daoe any mterial ohsnge in the areu of (xmtinenta. 

If this account of the elevation and subsidence of continents is 
correct, it would seem that they ought to be constantly undergoing 
change of lerel. And their tupparent stability may be regarded 
as^ an objection to it. If in any place there is absolutely no verti- 
cal movement, then those conditions must exist in which, £)r the 
time being, there is no change of temperature. 

But it is doubtful whether there ever is absolute stability of 
any portion of the surface %st long periods di time. Of the minor 
vertical movements of the interior of continents, there can, &om 
the nature of the case, be no evidence whatever. Changes of 
level, where they are known to be taking place, are so slow, that 
they are hardly perceptible in the period of a human li&. Sudi 
changes had been going on for centuries in Sweden before they were 
suspected. As accurate observations have increased in number, 
and historical records become available, it is becoming known that 
a very large amount of the seaboard is undergoing change of leveL 
It becomes probable, then, that these extremely slow changes of 
level are constantly and everywhere taking place. 

That portion of the crust of the earth constitating the present 
continents, being further removed from the centre, would part with 
its heat more rapidly, and receive heat from the central mass more 
dowly, than that portion which at present 'constitutes the bed of 
the seSa. The continents are therefore in a situation to undergo 
contraction and depression, and the bed of the sea ismost&vorably 
situated for rising. If the distribution of water through the mass 
hae any influence in promoting its expansion, then the bed of the 
sea would receive this supply most abundantly, and the c(mtinents 
the least so. We see, then, in nature, those provisions for an 
alteration of level, which, from the character of the several rock 
formations, we know to have taken place. When any portion of 
the earth's sur&ce is covered with the sea, the conditions exist 

13 
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whicli win at length elevate it. When it becomes dry land, the 
conditions exist which will in lime depress it below the level of the 
ocean. -Hence, those impresmons in regard to the land, as stable 
beyond the possilnlity of change, we onght to abandcm ; and those 
vertical movemenis, which, when proved, we are accustomed to 
regard as extraordinary, we shall, at length,, consider as only par- 
ticular instances of one of the most general laws ci nature. 

7. Variations of Climate. — The only sources of heat by which 
climate can be affected are the son and the heated interior of the 
earth. 

If the fi>rmer melted condition of the entire mass of the earth 
be assumed, the temperature of the surfiice must have been in- 
creased, by conduction of heat from within, &r long periods after 
the superficial stratum had become solid. It is, howQver, suscepti- 
ble of proof, that the present climates are not sensibly affected by 
interior heat, though at a little more than a mile below Ihe surfiiee 
the temperature is equal to that of boiling water. At any time, 
therefore, after the waters had become condensed, collected into 
oceans, and become suffidently cool to support the animal life of 
which the remains are now found, it is not probable that the cli- 
mate was, to any conedderable extent, influenced by the heat con- 
ducted fltom the interior. 

Still, there have been great changes of climate since those early 
organic ferms existed ; and, since we have no ground for supposing 
that the temperature of the sun's mys has suffered any reduoUcn, 
we have to inquire whether the means of retaining the heat from 
the sun could at any time have been different. The relative posu 
tion of land and water depend, as we have seen, upon igneous 
causes, and has been very different at different times. We shall 
find that climate must have been greatly modified by these changes; 
for the land radiates and absorbs heat fireely, and water possesses 
this power in a very low degree. 

Let us suppose the zone comprised between the tropics to be 
occupied by land, and the portions without these limits to be 
covered with water. Under these conditions, the land, having a 
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nearly vertioal suq the whole time, would accumulate heat to a 
degree scarcely compatible with the existence of animal life. This 
is sufficiently proved by the oppressive tropical climates of the 
present time, influenced as they are by polar lands and contiguous 
seas. 

Under tiie same conditions, the sea would be heated by contact 
with the land, and the heat would be distributed by marine cur- 
rents to the polar regions. But the water thus distributed would 
not part with its heat, because it has but little radiating power, 
and nowhere comes in contact with polar land. It follows, then, 
that both land and water would be subjected to a very high 
temperature. 

But, if we suppose the land confined to the polar re^ns, and 
the sea to the equatorial, the opposite results would follow. The 
equatorial sea would absorb but a small proportion of the solar heat 
which would be thrown upon it. The land would receive the sun's 
rays too obliquely to receive much elevation of temperature, as the 
present polar climates show. ' Hence, the temperature of the earth 
would differ but Httie from that of the planetary spaces, which is 
fifty-eight degrees below zero, a temperature too bw to allow of 
any considerable development of organic life. 

These are the conclusions to which we are led by considering 
the diflSerent powers of land and water to absorb and radiate heat, 
and we shall find that the existing climates are in accordance with 
these conclusi(Mis. America has a lower temperature than Europe 
in the same latitudes. It has also a smaller proportion of land in 
tiie equatorial regions, and a greater proportion in the north polar 
regions. The eastern continent is colder in Asia than in Europe 
in the same latitudes. It has also less equatorial and more polar 
land. The southern is colder than the northern hemisphere at 
equal distances from the equator. There is also less land near the 
equator on the south side, and probably as much land around the 
south as the north pole. 

Hence, we see that there may have been such a relation ofland 
and water as to account fi>r all the variations of temperature which 
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are known to have existed. We cannot say that sach actoall j has 
been the case. We can tell, with some degree of accoracy^ what 
portbns of the present ccmtinents were land at the several geologi- 
cal periods ; but three-fourths of the sor&ce of the earth is covered 
with water, and of the conation of this portion daring those 
periods we have no means even of conjecturing. We can only 
say, that, by the operation of known causes, the relative position of 
knd and water may have been such as to produce the dimates 
known to have existed ^t fi)rmer periods of the history of the 
earth. 
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Metamorphic rooks, 30 
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order of superposition, •* • 31 
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localities of, • 32 

Metallic ores, 92 

Mica, 14 

slate, 18,31 

Millstone grit, • • 40 

fossils of, • • 41 
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definition of, 18 

Mineral veins, 69 

formation of, ••.••. 100 

Modem formation, ...••• 57 

why but littie known, • • 57 

fossils 57 

Moisture of the atmosphere a 
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Monte NuoYO, 26 

Mount Loa, eruption of, • • • 26 
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Neocomian system, • . • . • 52 

New red sandstone, 47 

fossils of, •48 

ores of, 47 

geographical range of, . . 49 
Niagara Falls, how presenred, . 106 
Nitrogen, •••...••• 11 
Nummulite rock, •••••• 64 
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O. 

Ooeanio momitMns, 75 

Ooetm leTel» nearly pennanent, 74 

Old red sandstone, 88 

fossils of, 89 

extent of, .89 

OoUte, 19 

Oolitic stnictore, 49 

Oolite system, 49 

calcareous, • 49 

fossils of, 50 

localities of, • 51 

Opal, 14 

Organic causes, « • < • ^ • • 101 

Orthoceras, : .86,40 

Outcrop, , • , i 71 

Oxide of iron, ..«.•... 16 

Oxygen, 11 

Paleotherium, •••••.. 55 

Papandayang, 95, 142 

Permian system, 47 

Plesiosaurus, ••••..•• 51 

Porphyritic structure, • . • • 17 

Potassium, .•.•••••• 12 

Primary limestone, 19 

Pterodactyle, 51 

Pomice-stone, . ••.•••. 17 

Pyroxene, 15 

Q. 

Quartz, .••••.•••• 14 

rock, 82 

Baindrops, impressions of, • • 48 
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Bayine, ••.•..•••• 69 

Recent ele-vation in Europe, • • 70 
Recent formation, •••••• ^57 

Ripple marks, ••••••• 48 
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beds oif raised, • • • • • 113 

continued into the sea, • . 112 

abrading action of, • • • 105 

abrading action of promoted 

by foreign substances, • 106 

Rock crystal, •••••••. 14 

Rock salt, 16,118 

Rocks, defined, 16 

Rose quartz, 14 
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Saccharine limestone, • • .19, 82 

Saliferous system, 47 

Saline properties of the ocean, 

how obtained, 104 

Salt beds — 

wher^ found, 118 

how formed, ..•••. 119 

Sandstone, 19 

Schorl, N. • • 16 

Scoriss 17, 183 

Sediment — 

amount of in rivers, • • • 107 

deposition of, 113 

sorted by rivers, . • • • 112 

Selenite, 16 

Serpentine, • • « • 15 

a primary rook, • • • . • 25 

Shale, 20 

Siberia, remains of elephants in, 89 

Si^laria, ..45 

Silicium, .......•••12 

Sinking of wharves, towns, &c. , 79 
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Silurian system, ....... 84 

tabular arrangement of, • 34 

diTisiobs of, 85 

fossils of, ^ « • 86 

geographical range* ... 88 
Slaty structure — 

in the gold -washings of 

Chiti, 98 

produced by electric cur- 
rents, 98 

Slope of mountains, 73 

Soapstone, . • ^ 15 

Sodium, ........... 13 

Solidification of rocks, . . 68, 119 
Soluble materials of rocks, . . 108 
Solution of mineral substances — 
promoted by heat, • • • « 104 
promoted by an alkali, . • 104 
promoted by carbonic acid, 105 
Sources of the sedimentary ma- 
terials, 108 

Sources of the sediment of 
riyers, •.•••••••• 97 

Species — 

disappearance of, • . • • 62 
causes of the disappearance 

of, 62 

Springs, • • • • 92 

Stability of continents only ap- 
parent, • 145 

Statuary marble, 19 

Stigmaria, •••• 44 

Strata — 

horizontal, • • « • • 70, 115 
permeable and impermea- 
ble, 92 

irregubir, how produced, . 115 

Striated sur&ces, 87 

Submerged forests, .^. • • . 79 
Subsidence of land, . • .79,145 



Subsidence of land in Green- 
land, • • « 82 

Subsidence and elevation in the 

Pacific, « « • 80 

Sulphate of lime, 15 

Sulphur, 12 

Sun-cracks, • • 48 

Sunken areas, , , , , ^ . , 142 

Syenite " 17 

Synclinal axes, 72 
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Taconio system, 32 

Talc, 15 

Talcose slate, 20, 82 

Temperature at great depths, . 127 
Temple of Jupiter Serapis, • • 83 

Tertiary system, 53 

age, how determined, • • 53 

fossils, 54 

diyisions of, 53 

geographical range, • « • 56 
Tilestones of the old red sand- 
stone, 88 

Trachyte, 18 

Tracks in new red sandstone, • 49 
Transportation of sediment, . ' . Ill 

Trappean rocks, 17 

localities of, 29 

Tremolite, 15 

Trias, 47 

Trilobite, 87,40 
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Valley, 69 

of elevation, 71, 76 

of subsideDce, 72 
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Valley of denudation, • • • • 87 

Vein of segregation, 69 

Yerd-antique marble, • . • • 15 
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of different ages, • • • • 26 
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Volcanic mountains, dimen- 
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Volcanic activity — 

regions of, ••••••• 129 
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Volcanic cones — 
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QUESTIONS. 



CHAPTER I. 

SECTION I. 



How niAny elementary substances are known ? 

In what combinations is oxygen found ? What proportion of the earth's 
crust consists of it ? , 

In what combinations does hydrogen occur ? Nitrogen ? Carbon ? 
Sulphur ? Chlorine ? Fluorine ? Iron ? Manganese ? 

How does silicium occur ? Alnminlum ? ^ Potassium ? Sodium ? Cal- 
cium ? Magnesium ? 

How are these elementary substances classified ? (Silicium, or silicon^ 
has but a doubtful claim to be regarded as metallic.) 

SECTION n. 

What is a nmple mineral ? How many are known ? 

What are the physical properties of quartz? How are the several 
Taiieties distinguished ? 

What are the physical properties of felspar? Mica? Hornblende? 
How are its yarieties distinguished ? Augij« ? Hypersthene ? Talc ? 
How are its Yarieties distinguished ? Serpentine ? Carbonate of lime ? 
Gypsum ? Its yarieties ? 

What other minerals are mentioned ? 

SECTION ni. 

Define the crust of the earth. Rocks. 

What are the unstratified rocks ? 

What is the structure of granite ? 

How are the yarieties distinguished ? 

What is the porphyritic structure ? 

Describe hypersthene rock. 

What are yolcanic rocks ? Laya? ScorisD? Pumice-stone? 

How is the yesicular structure produced ? 

What are yolcanic breccias ? Yolcanic grits ? 



160 QnsBTioss. 

Wlut ia the Bompodtion of the tnppean looki i 
Wlut U the km7gd«loid>l Mmotora i 

What ue the thn* Twietie* of tnppean rocka, and how ue th^ 
dIatingnitlMd i 




Name the atratified roeka. Deaeribe gnaaa. Uiea alate. Sandatone. 
Conglomerate. Qreeusand. Describe the Tarietiea of limeatooe. 

Vhat U dolomite? Of what doca dIb; eonnst i Chi/alal«I Wh»t 
modifioationa doea olsj date ptceenti Vhat ia dihiTiiim I 



CHAPTER ir. 



What ia the primary diTiaion of Tocka ? 
Upon what prinoiple are the nnatratjfied rooks divided I 
Upon what prindple are the stratified rooka divided I 
Why are the noa-lbBnliftaviiB called metamorphio rook*? 
Name the fimr olacooo of roeka. 



That ia the most abundant platonlo rock ? 

How ia its thiokneas ascertained ! 

What is its amount I 

Where is it ftnind ? 

What is its ordinarj atraotuTe ! 

What peenliAri^ of Btrnctare fiwriUlAteB th« olMvago of gramte 7 
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The gnnitia ninntwfl are gcoeraUy deep betow the snr&oe ; in vhat 
othef poutiDn doca gruiito appear I 




In what olanea orrocka are granite Tetng fomul I 

Were the; all produced at the same time } 

How ii UiIb demonstratod I 

What ia the relatiTe position of the older and neirer granites I 

What other plutonio rocks occur in considerable quantities I 



Of what do Tolcanic roclu consist t 

In irhat slatee ace the; ^t«d ! 

What are the prindpal vaiieties of laTa, and how are the? distin- 
guished? 

WhjF is the basaltic lara the last to be ^ected ! 

How is the age of the Tolcanio roclu determined I 

What are the three diTiuons of the Tolcamo rocks, a&dependent npon 
»ge( 

What is the proportioD of the Tolcuiio to other rocks ? 

How many active To1cano€« eiiat? ^ 

Describe the eruptions of Kilauea. 

Describe the eruption in Iceland in 1TS3. 

What are the dimenmona of Monnt iEtna, and how has it been pro- 



Wliat ii tbe eridencs that theaa rooln in Fmuje are toIouuc I 
HaTe these Iatm b«en prodoced irithiu the hivtorio period I 




Veat the; prodaoed at an earlj period in the earth's luatoij i 
Qive the evidence that their aotivitj waa lot^-coDtinued. 




miat is the fbnn of the earlier Tolcanic rocks ? 

Vhat oiroumatanoes diatingmsh the trappean fi-om other Tolcanio 

'What are some of the prominent localities of the trappean roeks I 
Hair do they occur in the islands west of Scotland } 
^v in the Tallej o£the Connecticut rivei } 



That Is the lowest metamorphio Took ? 

DcMribeit 

How does mica date differ &«m gn^isB i 

Is it well dietiDgaiBhed bom argilloceoiu slate 1 

iniatiis the third rock in the metamorphio series ? 

Why bit difficult to determine the upper limit of this Bt 



164 QDIBTIONB. 

Wbj do tbe prindpaj rmka of Uiia oeiiea ooeaz In tlM oitlcr h«n 

Wlikt other ncki may take the plus of UieM prindp*! roakal 
Vbtm da tlie metamorptuc raelm occur 1 
"Whit ia ihiai Uiitdimd and amonjil f 



How many tjEttna of fberiliferons rocks are there, and what are Oiej I 
What other ■ystem u proTiatonallf introdaced I 
What i« its podtion t 

Fig. 7. 




What (baailB docs it cont^n ? 



onxaiioMS. 
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In wlut IcMklitica la it finmd I 

What eipUnation, in reference to theie rocks, is pven by those vlia 
denj Uikt tltej otoulltnte a distinct ajBUim t 
Fig 9 



bi vhat respeeta dow the Btete of Nev York 
fer stndjing tiie Hilnriui ayHtem 1 
Ikwribe Ute Champlain divi^on. 

ng.Il. 





Describe (he Erie division. 
What are the fossils of thi« wjsieta I 
Hg 17 




« the Crlnoidea. 
The Cephalopoda, and the tvo Girma. 
Ilg. 18. 




The Trilobiie. 

What higher fonag of animal lift existed daring the ailurian period i 

The geogriipbicBil range of the sj^tem ! 

Of what docs the Old Ked St 




DcMribe Uie flthee of that period. 

Whkt iraa the peimUuitj of the Pterichthjs I 

OftheCephalaa^! 

Vher* are th« rocka oftliis iTStem fbnnd i 

How ie the carboni&roDB B;Eteia divided ! 

Describe the oaiboniferom limestone. 

What area are Eiiihd in it I 

IteaoribeitB tmais. 

Deaoribe the millEtoDe grit. 

Of what do the ooal neunree consist i 

How doea the iromtone oaaxa ! 

I>«aoribe the cool bads. 



How is the continuitj of the Btrata Inteirapted ! 
Wliat TariationB from tliis general type occur in tbs formation ) 
Fig. M. 

PSe.ai. 




Describe the several varieUe* of coiL 
How is the coal quarried ? 

iic.li. 




What nuneral gpringa occur io this formation } 

To what uses is coal applied P 

(The coal was deposited thousands of years ago, and has served no 
tuehl purpose, that we know of, till Terj reoenil;. Its fbrmatioQ wu 
planned and completed to meet a want which was not to be felt till the 
lapse of many ages. It is a Datable instance of the wisdoiU and fore- 



tboQght, B8 veil *s of the beneTolecM, of Qoi.) Id vhftt i 
Fig. 2$. 
Tig. a. 




What an the (bar most abnnduit fiimu ? 

Deaaiibe the Stigmuia. The Big^lUria. Th« IiepidodeudroiL The 

Where are the beds of coal bundf 





dVEBtlOUB. 


What u the fburlli fommtLon of rocks ? 




Into irliBt Iwo 


portions ifl it diyided i 




Of what doea the Permian portion conust t 


TheTriaa? 






TFhat minerttlt 


iire found in tUa formatioii t 


What springs 


Elg. ST. 






What fossilB ! 

How ar« the fishes of the Mrlier and later portions diatingiUshed i 

What peeoKaritj of tb* red sandstones is mentioned ? 

B; what Mnds of animals irere the tracks, which thej contun, mad 
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Oive locttlltles of the new red BandstODe. 
What ore the three diTisiaiiB of the Oulitiosj^Uiiii 
Fig. 31. 
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The Wealden. 

"Wliat are the general peculiarities of the system? 

Hg. 33. 




^^» ^^^"""^^^v^ 



"^ Vn^ 



What are the fossil animals of the system ? 

By which class of fossil animals is the system characterized ? 

Ilg. Si. 




Describe the Ichthyosaurus. The Plesiosaurus. Pterodactyle. The 
Iguanodon. 

Where is the Eiystem developed ? 

What are the divisions of the Cretaceous system ? 

How are the layers of chalk separated ? 

What is the geological position of the Neocomian system, and the 
greensand of this country ? 

What are the fossils of this system ? 

Fig. 35. 






Fig. 36. 




What the geographical range ? 

How are the tertiary deposits distinguished from the older formations ? 

15* 




Id what portion or the terlkr; period waa Ihe irtfl deposited f 
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"What is the geographical range of the drift ? 
Of what does it consist ? 
What is the latest tertiary deposit ? 
What are the fossils of the tertiary system ? 

Describe the Paleotheriiun. The Anoplotherimn. The Megatherium. 
The Mastodon. The Mammoth. 

What other animals belonged to this period ? 
Where are the tertiary deposits found ? 
What formations are regarded as recent ? 
What formations of this class are accessible ? 
What others are in progress ? 
What are the fossils of this formation ? 

I 

SECTION YI. 

What is a fossil ? 

In what ways are they preserved ? 

When is a fossil said to be mineralized ? 

Describe the process of mineralization. 

How is it proved that the removal of the organic matter and substitu* 
tion of mineral particles are simultaneous ? 

Were animals created before vegetables ? 

How is this shown ? 

At what period was the vegetable growth the greatest ? 

What forms of animal life were most abundant during the earlier 
periods ? 

What vertebrated animals belonged to these periods ? 

What advance is made in the new red sandstone period ? 

During what period do the mammalia first appear in abundance ? 

During what geological period was man created ? 

How are the footprints and skeletons of human beings in solid rooks 
accouftted for ? 

Why are not fossils distributed uniformly through all the formations, 
and through all tfiie parts of each formation ? 

In what does the importance of fossils consist ? 

How are the fresh-water and marine formations distinguished ? 
« What circumstances render it difficult to identify socks of the same age 
in different localities ? 

How are formations identified ? 

Was the "work of creation one of short duration ? 

What was the last work of creation of which we have any geological 
evidence ? 

Why may we presume that no more species will be created ? 
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Do all the animal and vegetable Bpecies lAdch hate been ereated still 

exist? 

Kg. 44. 




Hg. 45. 



Bg. 46. 



Rg. 47. 




What causes are operating to destroy species ? 



BEonoN yn. 

How long has it been since the creation of the earth, ? 

How does the amount of stratified rock indicate the great antiquity of 
the earth ? 

How does the stratification show the same thing ? 

What is the proof that the principal strata were deponted before the' 
creation of man, and how does this fact bear upon the question of the 
antiquity of the earth ? 

Give the argument drawn from the successiye creations and disappear- 
ance of animal and vegetable species. 

The argument drawn from the amount of organic matter in the strati- 
fied rocks. 
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The argument from slow accumulation. 

What is the general conclusion from these facts ? 

Why is this conclusion an importcoit one ? 

What objection to it has been raised ? 

How is this objection answered ? 

What additional explanation is giyen ? 



CHAPTER III. 

SECTION I. 

What is the deepest geological change of which we have any knowl- 
edge? 

What are the reasons for supposing that the lowest stratified rocks are 
undergoing fusion ? 

Why are the lowest stratified rocks regarded as of mechanical origin ? 

What changes haye they undergone ? 

SECTION n. 

In what state were the stratified rocks deposited ? 
What change have they undergone in this respect ? 
How is the fissile structure produced ? 
How is the cleayage structure produced ? 



Fig. id. 




What is the third class of changes ? 

What do fractures at the surface become by the erosion of water ? 
How are caverns formed ? 

Describe a yein of segregation. A dike. A mineral vein. 
What is a fault? 

Were the inclined strata thus deposited ? 

How is it proved that they have taken the inclined position since they 
were deposited ? 
What is the direction of the dip ? 
What lines form the angle of inclination .' 
What is the outcrop of inclined strata ? The strike ? 
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dnESTioNa, 

Describe KD anticIiniLl aiia. A syncUsal aiU. 
A lolle; of eleralioQ. A vltllej of Babeidence. 
,,, Rg. S*. 




When fu% sti'ata nnoonformable ! 

V\at other disturbances haie token place in the Btrata i 

When did tbese T&riotu disturbances take place .' 

How IB it known Ih&t there hoa been do period of uniTersal diaturbanoe t 



ir is it knoWD tliat tbe nunmtains hkie been coTered bj tli 




quBETIOHB. 181 

Were the gnmilic ridges thui covered ? 

IU9 tlie level cf tlie sen been, to any considenible eit«Dt, SuctiuLting { 

iluiT, tlicn, h;ive tjic rocka, of vrhich the mountam masses consist, been 

Give the evidence thitt different moonlaina were elerated at diSerant 

Haa the process of upheivnl been sudden or gradoftl ! 
H01T are (he mountain valley s, vhich have the direction of the 
ranges, boeo proJucal ! 

Kg. 69. 




How IS the ciistinco of submarine moiintamB shown ? 
What IS the movement by whigh continents are elevated ? 
State the evidence of the elevation of conUnentB (rom the existence of 
elevated sea-beaches. 
The evidence of the elevation of the coast of Maine. 
The evidence of elevation from the existence of lakes. 
16 
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QUESTIONS. 



From the geograpliical range of the older strata. 

The eTidence of the recent eleyation of South America. 

Of the rising of the north of Europe. 

State the proof of subsidence from the occurrence of submerged £[>re8t8. 

Why are these changes but little observed ? 

Bg. 60. 




What are the grounds for asserting that a change of level is taking 
place over a large area in the Pacific and Indian Oceans ? 



QnKaTiuNS. 
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184 dUXBTIONS. 

Tliat is tlie present state of the coast of Greenland in this reepect { 
Have the changes of level of the Bome place alwajiB been in the aane 
direction P 
Oive the eridenoe of elevation and depreraion in South Amerlm. 
In Ittif. 

f!g. 6£. 




What general aonclmion ma; ire draw in reapect to the BtabUi^ of the 
earih's aurfbce ? 
To wliat extent oaa we ascert^ the geography of past epochs i 
Ylhat fiirmer relations of land and water are mggeated as not improba- 
ble! 

Hov eon we estimate the deondatioD which the igceona rocka have 
suffered 1 
How do bulls indicate the denudation of the stratiSed rocks ! 
Hew do Tallejs indicate denudations ! 
Deeoribe the iuatonce in Scotland. 



What la the eridenoe of denudation in the Coimecticut vMIc; > 
How tre ynlleTB produced ? 

What is the eoDditioD of the snr&cc rock in the colder portions of th« 
temperate zooes ! 




mth what Ih the surfiuie rook generally coyered t 
Hov arc soils fbrmed I 
Hon may boiIb be improved ? 
What in necessary to render soils ftrttle .' 
16» 
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SECTION V. 

What means have we of judging of the climate of former periods ? 

What was the climate of the coal period ? 

What animal fossils indicate a former warm climate ? 

What evidence that Siberia once enjoyed a milder climate ? 

Do similar indications appear in the southern hemisphere ? 

When has the climate of the earth been most uniform ? 

Has the climate been growing gradually colder to the present time ? 

What is the evidence of a somewhat recent period of intense cold ? 

What recent local changes of climate are mentioned as having occurred ? 



SECTION VL 

State the general advantages of geological changes. 

By what changes have the coal-beds and other stratified rocks become 
accessible ? 

What advantage from these elevating forces in reference to the granitic 
rocks? 

Rg. 69. 




How do these changes affect our means of knowing the structure of the 
earth ? 

Explain the origin of springs, wells, and artesian wells ? 

By what changes have the metallic ores become accessible ? 

In what light, then, are we to regard disturbances of geological stnio- 
ture? 



qUESTIOHS. 



CHAPTER IV. 



What is tlie object of the preceding chapters ! 

Haw CUD we arrive at a knowledge of the causes which have produced 
geological phenomena ? 

Have geolc^ioal caoses alwsjs operated with the same intensity ! 
How ore the means of forming correot geological theories increasing f 



How does <aygen become an agent in the disintegration of rocks ■ 

How does corbonio acid operate in the disintegration of rocka I 

What ia IIib effect of moisture and rain ! 

What ia the effect of variadons of temperature ! 

What other atmospheric canaea are mentioned ? 

How do theae cauaea become important ? 

What are some of their effects ? 



What are the changea which are to be referred to chemical agency ? 
Mention some of the disturbancea which gire rise to chemical changes. 
What ore the principal effects of chemical action ? 
How is the clearage structure accounted for I 

Kg. TI. 



Fig TO 



Mention instiuices which ahow that a eleaTage maj be establiahed ii 
tjud; in a solid state. 
In it a crjstalline arrangement of tie particles of the mass ! 
What other diTioonal planes exist in rocks ? 
Mention instnuces of conoretionar; fbrmatjons. 
Why may not these concretions hove been deposited as nodules ! 
How have these concretions been formed ! 
Mention instances of segregation without the concretionary al 
How was Uie segregation in these instances effected ! 
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QUSSTIONB. 



How 18 the columnar structure produced ? 

What is the orig^ of the mineral veiqs which are first mentioned ? 

How is it shown that other yeins are not injected ? 

How were these yeins formed ? 

What is the force by which these molecular changes haTO been effected i 

SEcnoK ni. 

In what ways are geological changes produced by human agency ? 

Of what are the organic remains, in rocks, the record ? 

What rocks contain organic materials in large quantity ? 

What is the most abundant organic product ? 

Explain the mode of growth of corals. 

Give instances of extensive coral ree&. 

What is the total amount of surface coyered by the coral rec& ? 



SECTION lY. 

What degree of importance is attached to water as a geological agent ? 
What are the sources of the sediment which water deposits ? 
Why is not the formation of the sedimentary rocks capable of being 
observed ? 
What is the first mode in which solid matter is taken up by water ? 
Why are the waters of the ocean saline ? 

What effect has the temperature of water in the solution of silex ? 
What effect has an alkaline condition of water ? 



fig. 72. 




What rock is soluble in water charged with carbonic acid ? 
Give an instance of limestone formation from such solutions. 



QUBBTIONS. ISU 

How do rivers fdrmah Bediment for the stratified rooks ! 
Wbat determines the position of rapids in riTcrs ? 
What is the effect of water-fklts on the abrading notion of rivers ? 
What is the peculiarity of rock at Niagara wliieh lioa prevented th« 
fiill fWim becoming a succession of rapids ? 

What other circumatacce increases the abrading acUon of rivers > 
What ia the principal source of the sediment which is transported by 

What is the anDoal amount of sediment fiimished b; the Kennebec ! 
The Merrimac ! The Mississippi ! The Oangai ! 

What is the general tendency of these abrading forces ? 

What ia the effect of waves npon the Ooiiat, when it Consists of unsolidi- 
fied materials > 

Describe their efiect upon rociy coaats. 

How is the encroachment upon such coaste shown .' 
Fib- 7a. 




What is the eSeot of waves of less power! . 
How are marine currents produced I 

How are they increased by the evaporation of the torrid lone 7 
- What are the most important marine currents ? 
Which class of currents have the greater depth ? 
Upon what does the power of deep currents 'lepend ? 
How would the effect of these currenis be increased by eartliquakcs I 
Where will the effects of these currents be greatest } ■ 
Sfcntion instances of these effects. 
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What must be the effect of such currents as the Gulf-stream and 
Mozambique channel ? 

Mention, generally, the effects of these currents. 

Why does detrital matter remain suspended in the water of rlTers ? 

How is the coarse and fine sediment separated ? 

Why do river currents extend some distance into the sea ? 

What effect does this hare in distributing the sediment which the riyers 
ftimish ? 

Upon what does the transporting power of marine currents depend ? 

When a river enters a lake, why is its sediment deposited ? 

Describe the effect. 

When is sediment deposited in the beds of rivers ? 

Describe the effects of this deposition. 

Where is most of the sediment deposited ? 

Give the area of some delta deposits. 

How do the deep-sea deposits now forming compare in extent with the 
earlier formations ? 

State the several circumstances by which a succession of deposits would 
be arranged in strata. 

How are those differences produced upon which the separation into 
independent formations depends ? 

Why are marine deposits nearly horizontal ? 




How are the irregular stratifications produced ? 

What peculiarity in the fossils will distinguish the lacustrine and marine 
deposits ? 

What peculiarity in reference to fossils t^U characterize the deep-sea 
deposits ? 

How is coal shown to be of vegetable origin ? 

Why will the drift wood of the sea accumulate in particular localities, 
and why will it sink ? 

Why will it become buried beneath earthy matter ? 

How is it known that wood thus buried will, at length, become lignite ? 

How is lignite converted into mineral coal ? 

What is the proof of it ? 

Have beds of coal been formed at other periods, besides the carboniferous ? 

Is it probable that coal-beds are now forming ? 
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Hoir did the flora of the carboniferous period differ from the existing 
flora? 

Fig. 76. 




Are the alternations of the earthy and coal strata satisfactorily 
explained ? 
In what portions of the geological series are the deposits of salt found ? 
Where is saline matter principally stored ? 

Explain the conjectural formation of salt in the Mediterranean Sea. 
What form do rocks take when deposited from a chemical solution ? 
How is sand or gravel solidified by the infiltration of mineral waters ? 
What is the effect of drying upon the solidification of rocks ? 
What is the effect of pressure ? 
What of heat ? 

SECTION V. 

What is a glacier ? 

What is the extent of the glaciers of the Alps ? 

What change does the mass of snow in the higher yalleys of the glacier 
mountains undergo ? 
What Js the source of supply to the glacier ? 
What is the cause of the motion of the glacier ? 
What is the usual annual motion ? 
Why will the glacier melt but little at its under side ? 
Where will the waste at the surface just equal the addition ? 
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What circomstances larj the portion of the temmnis of the gUder ? 
Kg. T7. 




What bes e«s t and en ere m ho wmpoa tiou of a gluerl 
Bow are theee muteriala supplied ? 

How ia k lateral morftine (brmed > 

What efleot hits the motion of the glacior oa the rocli; sarfbce oyer 
which It puses > 

What is the materi&l b; which this effect is produced ? 

How is the lermiiial moraine produced > 

Haw Inaj the moFaJnee on the Jura Moontaiiis he explained > 

How has it been proposed to eiplain the striated ear&ux« of rooks fbnnd 
In the north of Europe aitd Amerioa ! 
17 
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What ia the abjection to this extenaion of the glacier theor; ? 

Eoir docfl the ice ocoumnlale Along the coMt in high lutitudea to Cam 

fFh; dees it ultiniBtely separate fWim the aliore ? 

Eoir does it become treigbted wiUi earUi; matter ! 

In what direction do the icebergs Boat, iind why .' 

What are the dlmeniioni of an iceberg, estimated from the port that Is 




Vhera doea be mas. of a ncrease und where dimuuah ? 

Vhat will be the effect of its melting } 

How is it supposed that icebergs may haie striated the rocky anrlSuie F 

What is probably tlie condition of the bed of the seas over 'which ioe- 
bergs DOW float t 

Hae the north of Europe and America been so depressed, during a 
period comparatirely recent, as to admit of this eiplanation of the drift 

What is the condition of the interior of the earth with respect to heat i 

How do'the otisen'atjona made in deep mines and wells prove this { 

How Ur is the (empcrature inflaenced from the BurBKe ! 

What is the general law of increment of temperature > 

At what depth would most minaral substances be melted ? 

How is this conclusion contirmed ! 

What was probably the oripnal state of the mass of the earth ? 

What other CTplnnation may be given of this interior heat ! 

What ia the elastio force upon which volconio phenomena depend I 

Upon what docs the fluidity of lava depend ? 

Upon what does its porous Btrusture, when cooled , depend I 
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Wb7 are toleanoeB Bituated near the sea .' 

DcBoriba the principul liaea of volcanic activity. 

What are the forces tending (o repress the elasticity of the mass beloir i 

What 1TJ1I be tlie eOeot irhea the shade is greater than the repressing 

What produces the phenomeiia of the earthquake ? 

What is a volcano .' 

Wby are volcaooeg generally arranged a linear direction ? 

Under what circumstances will a new. yoIcidq be formed ! 

What instances ore cited ! 

How is a lolcanic cone formed ! 

Why are lateral cones produced ! 

How ore volcanic ciDders formed ? Scortx ! Volcouio glass ? 




BB of fi-oetnres aa results of voloanio at 
re dikes fbrmed ? 

Eg. 80. 



By what agency have the changes in the metamorphio rocks been 
eSectcdJ 

Give the instance of metamorphio action from intrusive granite in 

What Instanoe U given as oooaning in New Ilampflhira 1 



Give tbe experiment by ntiicli it is sliowii that these chimeee will remit 
from a high temperature. 

Kg. 81. 




IVhat moat be tbe caoditioD of the lowest stratified rocks in regard to 
temperature .' 

Why is not tbe stratification destroyed ? 

Whut changes are produced by this high temperature ! 

Explain tbe comtectlon of deuadation and earthquake actioD. 

What is the eTidence timt the sorbce of the earth is tbronn into nada- 
lationa during earthquakes ? 

Wbat is the velocity of these undulations ? 

Give the instance which occurred in Chili. 

To vh&t parts of the earth are tbese nndulatjons limited ? 

What condition of the surface may be regarded as reeulting f^ora this 

What Is tbe class of rocks most obviously referable to volcanic agency ? 

How do tbe trap rocks differ from ordinary bivos > 

Why are they not vesicular > 

Why more crystalline .' 

Wby were cones never tbrmed ! 

What is the proof that tbe granitic rocks have once been in a melted 
state? 

Why does not the moss of melted rock below the surCice r<sbiin per- 
manently its liquid fijrm .' 

Wbj docfi it, on cooling, become more oryatalline than lava .' 

State the process by which mounl)unS are formed. 

By what law does the elevating force accumulate ! 

Wby, then, is tbe process of etevatJOD spasmodic, and not constant I 

How is the inclined position of strata produced ! 

How ore strata brought into a vertical position over large arena ! 
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Why do subsidences occasionally follow these movements of elevation ? 
Mention instances. 

Fig. 82. 
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What explanation is suggested of deep and extensive chasms ? 

What conditions must exist together, in the force by which continents 
are produced ? * 

What cause fulfils these conditions ? 

What is the proof that the temperature under given localities is varia- 
ble? 

What will be the result of these variations ? 

What is the law of expansion of rocks, as obtained by experiment ? 

What amount of change of level may be thus accounted for ? 

17# 



198 QUXSTI0N8. 

What cirennistaiices vould probably increase this amoont ? 

What amount of Tertical moTement must be accounted for ? 

Why must these changes of leyel be very slow ? 

Under what conditions would there be no change of leyel ? 

Is it probable that these conditions exist to any great extent ? 

Why, then, are not the changes of level observed ? 

Why is the bed of the sea most likely to experience the change of eleva- 
tion ? 

Why are the continents most &vorably situated to undergo depression ? 

What are the sources of hcJat upon which climate depends ? 

Does the interior temperature sensibly affect the present climates ? 

What cause may be assigned for the changes of climate which are 
known to have taken place ? 

What are the relations of land by which the highest temperature would 
be produced ? 

How would this distribution of land affect the temperature of the waters 
of the ocean ? 

What would result if the opposite relations of land and water existed ? 

What confirmation of these conclusions is drawn firom the existing cli- 
mates of different parts of the e^h ? 

Is there any reason to suppose that the relations of land and water 
which would have produced a warmer climate in former tames did not 
exist? 
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geologic portion, the reasoning is markedly close, shrewd, and intelligible — the facts an 
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▲ irrfter, In noticing Mr. Hlller*s "First Impressions of EngUmd and tht 7eople,v fa 
tlM A'eit EnglMnder^ of May, 1850, commenoes bj saying, " We presume It la not neeea 
taxT (tknnally to Introdace Hogh MlUer to our readers; the author of * The Old Sed 8aa4* 
stone * placed himself, by that production, which was first, among the most succeastui 
geologists, and the best writers of the age. We well remember with what mingled emotloa 
and delight we first read that worlc Barely has a more remarkable book come from tha 
press. . . . For, besides the important contributions which it makes to the science of Geol- 
ogy, it Is written in a style which places the author at once among the most accomplirtied 
writers of the age. ... He proves himself to be In prose what Bums has been in poetxy. 
We are not extraTagant in saying that there Is no geologist living who, In the descriptions 
of the phenomena of the science, has united such accuracy Of statement with so much 
poetic beauty of expression. What Dr. Buckland said was not a mere compliment, that 
' he had never been so much astonished in his life, by the powers of any man, as he had 
been by the geological descriptions of Mr. Miller. That wonderfhl man described these 
objects with a felicity which made him ashamed of the comparative meagreness and pov- 
erty of lUs own descriptions, in the Bridgewater Treatise, which had cost him hours and 
days of labor.* For our own part we do not hesitate to place Mr. MUler in the flront raiik 
of English prose writers. Without mannerism, without those extravagances which give a 
factitious reputation to so many writers of the day, his stj^e has a classic purity and ele- 
gance, which remind one of Goldsmith and Irving, while there is an ease and a naturalness 
In the illustrations of the imagination, which belong only to men of true genius.** 

** The excellent and lively work of our meritorious, self-taught eounti rman, Mr. MIDer. 
Is as admirable for the clearness of its descriptions, and the sweetness of its composition, 
as for the purity and gracefulness Which pervade it,''*— Edinburgh Reviao, 

** A geological work, small In size, unpretending In spirit and manner; itj contents, IJie 
eonscientious narration of fitct; its style, the beautifhl simplicity of truth; and aItoget^el 
possessing, for a rational reader, an interest superior to that of a nove^ * '^Dr. J. Pfe Smith, 

** This admirable work evinces talent of the highest order, a deep and healthful mora, 
fbeling, a perfect command of the finest language, and a beautiful union of philosophy and 
poetry. "So geologist can peruse this volume without instruction and delight.'*— iSJ/ii* 
jnai»*« Amerieim Jommal qf Science. 

** Mr. Miller's exceedingly interesting book on this formation is Just the sort of work ta 
render any subject popular. It is written in a remarkably pleasing style, and oontaTva a 
wonderful amount of information.**— Wettmmster Review. 

" Ir. Mr. MIUer*s ehannlng little work will be found a very graphic description of the Olfl 
Bedflshes. I know not of a more fiuclnating volume on any branch of British geology.*^^ 
McuUelVt MedaU (/ Creation. 

Bn RonEuiCK MnncHisoir, giving an account of the Investlgaiions of Mr. Miller, apoka 
bi the highest terms of his perseverance and ingenuity as a geologist. With no other advaa 
tages than a common education, by a careful use of his means, he had been able to giva 
himself an excellent education, and to elevate himself to a position which any man. In any 
sphere of life, might well envy. He had seen some of his papers on geology, written a 
style so beautiful and poetical as to throw plain geologists, like himself. In the shada. 
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* We know of no work upon science which Is so well calcnlated to lift the mind fVoTO tlia 
•ilmirAilon of the wqndrous works of creation to tlie belief ln« and wonthip of, a First Great 
Cause. * * * One of the most readable epitomes of the present state and progresa ol 
scl3nce we have perused."— i/omtwflf Herald^ London. 

** The design of Mr. Hunt^s volume is striking and good. The subject is very well dealt 
with, *nd the object very well attaine«.l ; it displays a ftind of knowledge, and is the work 
of an eloquent an 1 earnest man.**— 7A« Examiner^ London. 

** This book richly deserves the attention of the public. Its object, as may be sunnlsed 
trttrn the title, is to paint the poetical aspect of science, or rather to show tliat the deepe* 
one investigates the mysteries of nature— whether in the formation of a continent, in th» 
orbit of a star, or in the color of a flower — the more awakened will be his wonder and his 
veneration, and the more call will there be upon his highest powers of the intellect and the 
imagination. * *— Boston Pott. 

** It was once supposed that poetry and science were natural antipodes; and lo ! they low 
are united In loving bonds. Mr. Hunt has certainly demonstrated that the divinest poetry 
li< H hidden in the depths of science, and needs but a maater spirit to evoke it in shapes of 
biauty.**— Christian Chronicle. 

"It may be read with interest, by the lovers of nature and of science.**— JtT. 7. lYibttne. 

•* It is written In a style not unworthy of the grtfndeur of the subject.*' — ^. T. Eve. Post. 

*' The author, while adhering to true science, has set forth its truths in an exceedtnglj 
captivating sty le." — JVeic Fork Commercial Advertiser. 

** We are heartily glad to see this interesting work re-published in America. It is a book 
that is a book.** — Scientific American. 

" From the arcana of science especially, has the author gleaned what may be properly 
termed her poetry, which will make the book one of the most interesting character to tlia 
mtelligent reader.'*- CAn«<ia» Herald. 

" It is reallv a scientific treatise, fitted to instruct and enlarge the mind of the reader, bu« 
at the same time it invests tlie subjects it describes with the radiance of the imagination, 
and wltli the charming association of poetrv. The book well deserves the tllle it betr», and 
Is a beautiful illu:^tration of tlie'poetic interest that belongs to many of the discussions oJ 
the science.** — iV<wtd«nce Journal. 

** It Is one of the most readable. Interesting, and instructive works of tho kind, that we 
have ever seen. **—w/>A{7ade/p/ua Citristian Observer. 

" In this admirable production, Mr. Hunt offers a beautiful epitome of tho physical phe- 
nomena of Nature, in wliich, fVom their ultimate facts, he leads his reader by inductive 
{processes, to the contemplation of vast eternal truths. Though ftill of information, the 
Iscts i;itt»d In his pages are not collected solely because they are such, but with true philo- 
scph^cai acumen, to build up the edifice; and if curious or rare, they are selected merely to 
strength ail the position in which they are placed.**— Washiuffton Union. 

" TTe anticipate a wide circulation tor It in this countty." —Mbanv State Xe^ster. 

" The scientific compass of the volume is large, and its execution Is exceedingly fine ani 
Intcrea-Ung.**— Zion'» Herald. 

•• Wa noticed this eloquent work, while it was In the course of publication. It Is now on* 
In bea itlful stvie, and makes with the notes, which are full and as valuable as the text, i 
vriwume of nea'rlv four hundred pages. The publishers could not have done the poets of th« 
land a better service, than by thus supplying them with exhaustlcsi materials, collectei 
from all branches of science, and admirably arranged for their more substantial structure.* 
— Watchman and Reflector. 

" Here we have an Illustration of the true and beautlAil, and how that they are lUwayi 
one. The mysterious laws of nature, and the phenomena by which they are manUbstec^ 
are brought before the reader In a way that enchants and Improves. There is poetry it 
science, as no one may deny, after he reads this book."— ^atttwwre Patriot. 

GOULD AND LINCOLN, PUBLISHERS. BOSTON. 
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THE EARTH AND MAN : LeetavM on Compakatits Physical OsoQKAPHr, In ita 
nUdnn to the (Itotory of MaokiDd. By Abnold Qutot. Professor of Physical Geography 
and IIistoi7f Neachatel. Translated from (he Frmch, by Prof. G. C. Vxltoh, with illus- 
tvationa. SecMid thousand. 12nio, cloih,..,.!^ 

* TliOM who hare been aoeutomed to regsid Qcogiaphy as a merdy deseriptire branch ofkem- 
ing, diter than the lemainder biacuit after a voyage, will be delighted to find this hitherto cn- 
attiaetiYe porault ooDverted Into a adenee, flu prindplea of which are definite and the resdlta 
eoneludve.**— il^^rlA Amerieam Seview, 

*■ The grand idea of the work is happflty ex pr es a e d by fhe anlhor, where he ealla it the geography 
teal march €fkutonf. Faith, aeienee, learning, poetiy, taste, in a word, genius, luiTe liberally 
contrUmted to the production of the work under reriew. Sometimes we feel as if we were 
studying a treatise on the exact aciences i at others, it atiikes the ear like an epic poem. Now It 
reads like histoiy, and now it sounds like prophet^. It will find leaden in whatorer huignage 
tt may be published.**— G9kHb<tm Ex€tmuier. 

*■ The work Is one of high merit, exhibiting a wide range of knowledge, great research, and a 
philosophical apirit of InTCstigation. Its pCsusal will well repay the most learned in such subjc cts. 
and give new views to all, of man's relation to the globe he inhabits."— iSt//tMiaii's JowmaL 

COMPARATIVE PHYSICAL AND HISTORICAL GEOGRAPHY; or, tho 

Study of the Earth and its Inhabitants. A series of graduated courses for tlw use of 
Schools. By Askolo Gutot, author of '* Earth and Mao," eto. 

The series hereby announced will eonrisi of thrse courses, adapted to the capacity of three dif- 
ftrent sges and periods of study. The first b intended fbr primaiy schools, and for children of 
from seven to ten years. The seoond b adapted for higher schools, and for young persons of from 
ton to fifteen years. The thirdb to be used as a sdsintifle manual in Academies and CoUegiss. 

Each course wiU be ^vided into two parts, one of purely Physical Geography, tiie other for Eth« 
nography, Statistics, Political and Uistoricol Geography. Each part will be iUustrated by a colored 
Physical and Political Atlas, prepared expressly fiir this purpose, delineating, with the greatest 
eare, the configuration of the surface, and the other physical phenomena alluded to in the coires- 
ponding work, the distribution of the races of men, and the political divisions into States, 4re^ 4rc. 

The two ports of tbe first or prepsn^oiy oonzse are now in a forward state of preparation, and 
wiU be issued at an early day. 

MURAL MAPS: a series of elegant colored Maps, exhibiting the Physical Phenomena 
of the Globe. Prqjected on a large scale, and intended to be suspended in the llecitation 
Room. By A&nold Gutot [in preparation] 

KITTO'S POPULAR CYCLOPEDIA OF BIBLICAL LITERATURE. Con- 

densed firom the larger work. By John Krrro, D. D., V. S. A., author of *' The Pictoral 
Bible," "History and Physical Geography of Palestine," Editor of "The Journal of 
Sacred Literature," etc. Asshited by numerous distinguislied Scholars and Divines, 
British, Ck)ntinental and American. With numerous illustrations. One volume, 
octavo, 812pp cloth,. .. .8,08 

Tnn PopoLAK Biblical Ctclopadia of Litbsatosx b designed to fhmbh a DicTiovAnT 
ew THE BiDLK, embodying the products of the best and most recent researches in Biblical Liter- 
ature, in which the Scholars of Europe and America have been engaged. The work, the result 
of immense labor and research, and enriched by the contributions of writers of distinguished 
eminence in the various departments of Sacred Literature, — has Iwen, by universal consent, 
pronounced the best work of its class extant; and the one best suited to the advanced knowledge 
of the present day in all the studies connected with Theolof^cal Science. 

The Cydopsedia of Biblical Literature from which this work is condensed by the author, is 
pnblbhed in two volumes, rendering it about twice the size of the present work, and isi intended, 
says the author, more porticulariy for Ministers and Theological Students; while thePtnfnIar 
C^etopoedia b intended for Parents, Sabbath School Teachers, and the great body of the religtous 
public It has been the author's idm to avoid imparting to the work any color of feetcu^Um or 
denomimUional bios. On such points of difference among Christians, the Bietoricai mode of 
treatment has been adopted, and core has been taken to provide a fair account of the aigumento 
which have seemed most conclusive to the ablest advocates of the various opinions. The PlcCorsl 
Dlustnttons —amounting to more than three hundred — ore of the very highest order of lb* as^ 
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KITTO'S POPULAR CYCLOP>EDIA OF BIBLICAL LITERATURE. Con 
densed from the larger work. By John Kmo, D. D. Assisted by numerons 
distinguished Scholars and Divines, British, Continental and American. With 
numerous illustrations. One yolume, octayo, 812 pp. cloth, $8,00 

J)::^This is Jnstna work for Sabbath School Teachers, the Family Library, and fbr 
every one, indeed, who wishes aid in the study of the Scriptures. It contains an 
immense amount of important information to be found nowhere else. 

* 

T%e New York Commereial Advertiser says, " This Is a Dleti'^nary of soriptural topics, 
wbicb should find a place In every library. Sunday ijchool Teachers, and all who study the 
Scriptures, will find this Oyclopssdia a more valuable auxiliary than any work extant ol 
whichwe have a knowledge. 

je is the result of the combined biblical, scholastic, and scicntifie minds of the highest 
order, and scarcely a question can arise in the mind of the reader of Uie Sacred Book, but 
may be answered by reference to this comprehensive volume. For the Family Library, as 
well as for Bible Classes and Sunday School Teachers, we cordially recommend it." 

2%« Puritan Recorder says, " Here we have the larger work referred to in the title, b<rfled 
down more than one half, and made more strong and rich by the evaporation. To that 
numerous and most useful class of laborers in the Lord's vineyard, the Sabbath School 
Teachers, we would respectfoliy offer our advice to appropriate three dollars each to make 
themselves possessors of this valuable help for the discharge of their duties. If any one 
iDf them should not have the money, we counsel him ' to sell his garment and buy one.* " 

The Philadelphia (^ristian Obsertyer says, *^ This is a large, handsome and valuable book ; 
it is very happily adapted to meet the wants of the Family, the Sunday School Teacher, and 
the great majority of the Christian public. As a Bible Dictionary, it is a work of distin- 
guished merit, embodying the results of the best and most recent researches in biblical 
literature, in which the scholars of Kurope and America have been engaged." 

I%e Mercantile Journal says, <' We have examined the work with the greatest interest, and 
can assure our readers that it is a book of no ordinary value. We know of no work which 
in more worthy a place by the side of the Bibl^ in every fiimily. It is a book which the 
Bible reader will consult with pleasure, and which will enhance the interest of the Bible 
Itself, by making the reader more thoroughly acquainted with the localities mentioned 
therein, with the circumstances connected with the preparation of each book of the sacred 
Word, with the manners and customs of the ancients, with the geography of the Holy 
Land, and, in short, with every thing connected with the literature of tluB Bible which 
would be likely to be of interest to the ordinary reader." 

The Albany Spectator says, " Here Is indeed a rich treasury fbr the minister and the 
church, embodying the products of the best, most recent, and reliable researches in biblical 
literature, and presented in a form so fhll, and yet so condensed, as to put it within the 
reach of hundreds of ministers who did not feel able to purchase the unabridged work 
In this volume you have the pith of the entire work.*' 

I%e CTiristian Chronide says, <* It Is a work of hnmense research, embodying the latest 
results of biblical study, contributed by a large corps of enthusiastic and venerable 
scholars. 

For reference In the flunily,' fbr the use of the Sabbath School Teacher, and for Bible 
Classes, it is beyond comparison the best biblical manual issued from the press We pre- 
dict for it an extensive circulation, for it must gradually displace Robinson's f bmlet, and 
the other smaller and more incomplete manuals which have hitherto been in common use." 

The New York Christian TnteUigencer says, *' We know of no work in the language, ai 
a repository of biblical literature, to be at all compared with this most valuable collection 
of Dr. Kitto. This work is an emanation from more than forty of the most able and pro- 
found scholars in sacred literature to be found in the world. England, Scotland, Ger- 
many, and these United States, have all here a most respectable representation ; and the 
work does honor to them all." 



CONTRIBUTIONS TO THEOLOGICAi^ SCIENCE. 

BT JOHN UARBIS, D. D. 



I. THE PRE-ADAMITE EARTH. 

KOTZCES OF THE PKEBB. 

'* As ire ha^e examined erery page of this work, and put forth oar best efforts to nn> 
4nstaBd the full import of its Tsried and rich details, the resistless impression has toam 
nrer our spirits, that the respected author has been assisted from on high in his labo- 
rioos, but BUCoessAil undertaking. Hay it please God yet to ud and uphold him, to 
complete his whole design ; for we can now see. if we mistake not, that there ia great 
unity as well as originality and beauty in the object which he is aiming to accomplish. 
If we do not greatly mistake, this long looked for volume, will create and sui*tain a 
flevp impression in the more intellectual circles of the religious world." — London Evtui^ 
ffUeat Magazine. 

^' The man who finds his element among great thoughts, and is not afraid to push 
;nto the remoter regions of abstract truth, be he philosopher or theologian, or both| 
will read it over and over, and will find his intellect quickened, as if from being in con* 
taet with a new and glorious creation." — Aibany Argus. 

" Dr. Harris states in a lucid, succinct, and often highly eloquent manner, all tfa* 
leading fbcts of geology, and their beautiful harmony with the teachings of Scrip- 
ture. As a work of ptdeontology in its relation to Scripture, it will be one of the most 
complete and popular extant. It evinces great ref^}arch, clear and rigid reasoning, and 
a style more condensed and beautiful than is usually found in a work so profound. 
It will be an invaluable contribution to Biblical Science." — New York Evangelist. 

^ lie is a sound logician and lucid reasoner, getting nearer to the groundwork of a 
salit}<MSt generally supposed to have very uncertain data, than any other writer within 
our knowledge." — New York Com. Advertiser. 

'^ The elements of things, the laws of organic nature, and thooe especially that lie at 
tl e foundation of the divine relations to man, are here dwelt upon in a masterly mao- 
ii«." — Christian Repsetor^ Boston, 

II. MAN PRIMEVAL; 

OR THB CONSTETUnON AND PRDHTiyE CONDITION OF THE HUMAN BSINO. 

WITH A riKX PORTEAIT OF THX AUTnOB: 

NOTICES OF THB PKE8S. 

*'It surpasses in interest its predecessor. It Is an able attempt to carry out th« 
aathor^s grand eonception. Ills purpose is to unfold, as for as possible, the successive 
steps by which Ck>d is accomplishing his purpose to manifest His All-sufficiency. • • • 
The reader is led alon^ a pathway, abounding with rich and valuable thought, going 
on from the author's opening propositions to their complete demonstration. To stu- 
dents of mental and moral science, it will be a valuable contribution, and will assuredly 
secure their attention." — Christian Chronide^ Philadelphia. 

" It is eminently philosophical, and at the same tinw glowing and eloquent, It can- 
not &il to have a wide circle of realers, or to repay richly the hours which are given 
to its pages." — New York Recorder. 

*' The reputation of the author of ttiis volume is co-extensive with the English lan- 
guage. The work before us manifests much learning and metaphysical acumen. Its 
great recommendation is, its power to cause the reader to think and reflect." — Boston 
Recorder, 

*' Reverently recognidng the Bible as the fountain and exponent of truth, he is ss in- 
dependent and fearless as he is ori^^nal and forcible ; and he adds to these qualities 
bonsummato skill in argument and elegance of di:;tion." — N. Y. Com. Advertiser. 

^ His eopious and beautiful illustrations of the successive laws of the Divine Slaid- 
fatation, have yielded us inexpressible delight."— Lon</oit Eclectic. Review. 

** The distribution and arrangement of thought in this volume, are such as to aflbrd 
sxnple scope for the author's remarkable powers of analysis and illustration. 1 1 look- 
ing with a keen and searching eye at the principles which regulate the conduct of God 
towards man, as the intelligent inhabitant of this lower world, Dr. Harris has laid down 
for himself three distinct, but connected views of the Divine procedure : First, The Eni 
aimed at by Qod ; Second, the Reasons for the employment of it. In a very masterly 
iwy does our author grapple with almost every difilculty, and perplexing subject whieh 
eomes within the range of his proposed inquiry into the constitution and eonditloa 
jfllaa Primeval."— I.ond<m JSvangelieeU SBstory. 

III. THE FAMILY; 

ITS CONS-'ITUTION, PROBATION AND HISTORY. 

TlX PRBPARATIO.V.l 



CHAMBERS'S 

cyclopj:dia of English literature. 

4 tiALXCTION or THB CHOICEST PEODUCTIOIft Or BlfOLItK AUTHOBl, r%OU THI 

XABUStT TO THS rRE8£!TT TIMK : CONlfSCTBO BT A CBITICAI. 

AITD BIOGEAPHICAL HltTOBT. 

EDITED BY ROBERT CHAMBERS. 

A0SItTBD BT mOBBRT CABRlTTHBat AND OTHBB ZMSVMVt OXNTLBMXW. 

Complete in two imperial octavo vohtmee, of more than fourteen 

hundred pages of double column letterpress, and upwards of 

three htmdred elegant illustrations. 



T%ia veluabU vork has now beeovM ao generaJOy known and ofyrteiaUd, that Ikore need 
mareebf be any thing said i* eomnundatiem, exeat to those who have bo( y«t seen U, 

The VHfHt mbraees about One Thousand Authors^ ehronologieaUy arranged and daoted 
u Poets, Historians^ DramatiatSf PhUosophrrSf MetaphysidanSf Jhmnes. etc, with ehatee 
adoeUonsfirom their writings, connected by a Biographical, Historical, and Cruieal M'arror 
tiwe f thus presenting a complete view of English £siterature,fi-om the earliest to thepreeent 
time. Let the reader open where he toill, he cannot fail to find matter for fnrqfit and deligkt^ 
which, for the most part, too, repeated perustds wiU only serve to make htm emoy the mors, 
Vfe have indeed infinite riches \n a little room. JVo one, who has a taste fir Uteraturs, 
should allow himself, for a trifling consideration, to be withovt a work which throws aa 
mneh light upon the progress of the English language. T%e seleetums are genu — a mass 
^f valuable informatwn m a condensed and elegant form. 

EXTRACTS FROM COBfBfENDATORT NOTICES. 

From IV. H, Preseott, Author of " Ferdinand and fsabelfa," <* Tho plan of the work 
ifl very jutlicious. * * It will put the reoiler in the proper point of view, for lurvey- 
ing th^iwbule ground over which he ia travelling. * * Such readers cannot fkil to 
pruni largely by the labors of the critic who has the talent and taste to separate what 
IS really beuutiful and worthy of their study from what is supterfluous." 

** I concur in the foregoing opinion of Mr. Preseott." — Edward EveretL 

*< It will be a useful and popular work, indispensable to the library of a etadent ai 
English literature." — Francis Wayland. 

*^Wo hail with peculiar pleasure the appearance of this work, and more especiallj 
Its republication in this country at a price which places it within the reach of a gro«t 
number of readers." — M\trth American Reoiew. 

*' This ii the most valuable and magnificent contribution to a sound popular Mtera* 
ture that this century has brought forth. It fills a place which was before a olank. 
Without it, English literature, to almost aU of onr countrymen, educated or unedu- 
cated, ia an imperfect, broken, disjointed mass. Much that is beautiful — the niMl 
perfect and graceful portions, undoubtedly — was already possessed ; but it was not 
ft whole. EvCiy intelligient man, every inquiring mind, every scholar, fbit that the 
foundation was missing. Chambers's Cyclopedia supplies this radical defect. It bo- 
gins with the beginning ; and, step by step, gives to every one who has the intellect oi 
toste to enjoy it a view of English literature in all its complete, beautiful, and perfect 
proportions." — Onondaga Democrat, A*. Y. 

** We hope that teachers will avail themselves of an early opportunity to obtain a 
work so well calculated to impart useful knowledge, with the pleasures and nrnamocta 
of the English classics. The work will undoubtedly find a place in our district and 
other public libraries; yet It should be the *vade mecum' of every scholar.'* — 
Teachers* Advocate, Syracuse, A*. Y. 

** The work is finely conceived to meet a popular want, is full of literary instnietioo, 
cod is variously embellished with engravings illustrative of English antiquities, bts. 
torv, and biography. Tbe typography throughout is beautiful."— Christian RtfiitUT, 
Boston, 

** The design has boon well executed by the selection and concentration of botim of 
the best productions of English intellect, from the earjiest Anglo-Sdxon writers dowa 
to those of the present day. No one can give a glance at the work without boing 
•truck with its beauty and cheapness." — Boston Courier. 

** We should be glad if any thing we can say would favor this design. The elega/ica 
of tho exftcution fea»ts the eve with beauty, and vhe whole is suited to refine and ele- 
vate tho taste. And we might ask, who cun fail to go back to its hoginningj and I rare 
his mother-tonguo from its rude infancy to its present maturity, elegance, and richnees i *' 
CftrisCuM Mirror, Portland. 

•.* The Publiibers of (he AMERICAN Ediilen ofthh velaable wmrk devire to atiKe thnt, htAAte Sm 
wm pictorial iUuMmtioM io the Eiirllth Rilition, (licvhaTe frea'.ly eiirichetl the woik bjr theadikki- 



sf fne lied and mesotint enrmYlnn of Uie headi of Shakapeare, Adiliton, Bvroii : a full irncth poim k 
if Dr. JohiMoa, and a beautiful Kenic rrpmentation of Oliver Goldamiih and l)r. Joiineoii. TbPM Intrd* 
; nad eiegant adilidone, together with auperior paper and binding, i:ii»t give thia a diicUad pialiiaBi 
■11 oUier ediUona. 



FOR SCHOOL AND FAMILY LIBRARIES. 



CHAMBERS'S MISCELLANY 

OF USEFUL AND ENTERTAINING KNOWLEDGE, 

TEN VOLUMES, ELEGANTLY ILLUSTRATED. 

The deaign of th« Miscbllant is to supply the increasing demand for useful, 
bistniccive, and entertaining reading, and to bring all tlie aids of literature to bear 
en the euUivation ^ tJke fedinga and widerHanding' of the people — to impress correct 
Tiews on import|int moral ana social questions — to furnisli an unobtrusive friend 
ind guide, a lively fireside companion, as far as that object can be attained iLiougb 
die instrumentality of books. 

This work is confidently commended to Teachers, School Committees, and 
tU otliers interested in the formation of " School Libraries," as the very best work 
for this purpose. Its wide ran^e of subjects, presented in the most popular style, 
makes it exceedingly interestmg and instructive to all classes. The roost flat- 
tering testimonials from distinguished school teachers and others, expressing an 
earnest desire to have it introduced into ail school libraries, have been received by 
the publishers. 

From Oeorge B. Emerson^ ^^-t Ckairman of the Book Committee tf the Boston Sdioola, 
— "I have examined with a good deal of care * Chambers's Miscellany of Useful 
and Entertaining Knowledge,' particularly with reference to its suitableness to 
form parts of a library for young persons. It is, indeed, a library in itself, and one 
of great value, containing very choice selections in history, biography, natural 
histury, poetry, art, physiology, elegant fiction, and various departments of science, 
made with great taste and judgment, and with the highest moral and philanthropic 

{mrpose. It would be difficult to find any miscellany superior or even equal to it 
t richly deserves tlie epithets ' useful and entertaining,' and I would recommend 
it very strongly, as extremely well adapted to form parts of a library for the young, 
or of a social or circulating library, in town or country." 

FVem (As Rev. John O. Chouleaf D, D. — "I cannot resist the desire which I feel 
to thank you for the valuable service which you have rendered to the public by 
placing this admirable work within the reach of all who have a desire to obtain 
knowledge. I am not acquainted with any similar collection in the English lao* 
gua^ethat can compare with it for purposes of instruction or amusement I should 
rejoice to see that set of books in every house in our country. I cannot think of 
any method by which a father can more materially benefit his children than by 
surrounding them with good books ; and if these charming and attractive volumes 
can be placed in the hands of the young, they will have their tastes formed for good 
reading. I shall labor to see the Miscellany circulated among my friends, and shall 
lose no opportunity to commend it every where." 

** They contain an excellent selection of historical, scientific, and miscellaneoua 
articles in popular style, from the best writers of tho language. 'J'he work is el«< 
gantly printed and neatly illustrated, and is sold very cheapo" — Independent Dem- 
serot, Coneordf JV*. H, 

** It is Just the book to take up at the close of a busy day ; and especially will tl 
shed a new charm over autumn and winter in-door scenes."— CArist. JVorld^ Boston, 

"The information contained in this work is surprisingly great; and for the fire- 
side, and the young particularly, it cannot fail to prove a most valuable and ent•^ 
taining companion."— JVeto York Evangelist 

'* We are glad to see an American issue of this publication, and especially in se 
neat and convenient a form. It is an admirable compilation, disthiguished by the 

food taste which has been shown in all the publications of tlfe Messrs. Chambera. 
t unites the useful and the entertaining." — JVew York Commercial .Advertiser, 

** It is an admirable compilation, containing interesting meiiioirs and historical 
■ketches, which are useful, instructive, and entertaining. Every head of a family 
■hould supply himself with a copy for the benefit of his children." — Coming JoumaU 

^The enterprising publishers deserve the thanks of every lover of the l/eautiftil 
•nd true, for the cheap and tasteAil style in which they have spread this truly val- 
aable work before the American people." — PtopWs jSdvoeate, Pa. 

" It is filled with subjects of interest, intended for the instruction of the routhfiil 
mind, such as biography, history, anecdotes, natural philosophy, &,< " - .Vtw 
Ofieou Besk 



DaluabU Scljool Books. 

THE EIBMEITTS OF MOBAE^SCIEITCE . Bx Frasch 

Watland, D.JD. President of Brown University, and Professor of 
Moral PhUosophy. Fortieth Thousand. 12mo. cloth. Price $1.26 

%* Thta wwk hai been ezteniivelj and fitromblr reviewed and adopted ae a elase-book 
la moit «r th« eoUeglate, theological, and academical inatltutions of the conntiy. 

Ihm Bev, WUbw Fi$k, Prttident qf tht WJteiam. Unirmtit^ 
** I hare examined it with 



ii well executed. Dr 



ith great satiflfliction and interext The work was greatly needed, 

— ^--- "-- r,. --'v"*^'*"** desen'Oi the grateful acknovrledgraents and llbend 

patronage of the public. I need say nothing farther to exprera my high estimate of the 
vork, than that we shall immediately adopt it as a text-book in our university.'* 

From Bon. Jame$ feat, lata CAmeeUor qf ITew Tork. 

1** Si* ^°!i ^■f.^'^r/^ ^y "I* attentively and thoroughly, and I think very highly ^ 
tt. The author himself is one of the most estimable of men, and I do not know of mt 
ethical treatise, in which our duties to God and to our fellow-men are laid down with mni* 
pncision, aimplicity, deaness, energy, and truth." 

« The work of Dr. Wayland hae arisen mdoally from the necessity of eoneeting the 
fUse principles and fallacious reasonings of Pnley. It is a radical mistake, in the ed'fa- 
bon of youth, to permit any book to be used by students as a text-book, which contams 
erroneous doctrine, especiaUv when these are fundamental, and tend to vitiate the whole 
system of motmls. We have been greatly pleased with the method which President Wav- 
land has adopted ; he goes back to the rimplest and most fundamental principles i and in 
the statement of his views, he unites perspicuity with conciseness and precision. In al] 
the author's leading fundamental principles we entirely concur." —BibUcal Jte^osUory. 

** This is a new work on morals, for academic use, and we welcome it with much satia* 
Action. It is the result of several years' reflection and experience in teaching, on the part 
of its justly distinguished author j and if it is not perfectly what we could wish, yet, in the 
most important respects, it supplies a want which has been extensively felt. It Is, we 
think, substantially sound in its fundamental principles t and being comprehensive and 
elementary in its pliMi, and adapted to the purposes of instruction, it will be gladly adopted 
by those who have for a long time been dissatisfied with the existing works of Faley." 

Tk€ LUerwry and Theological Jteview. 

KOBAL 8GIEKCE, ABBIDOED, by the Author, and adapted 
to the use of Schools and Academies. Twenty-fifth Thousand, l&no. 
half cloth. Price 25 cents. 

The mors eflTeetaally fo meet the desire ezprnsed for a eh«ap sdllion, the present edition is issued 
at the nduetdpriet mf 2S oentr p«r eopy, aiid it ii honied thereby to extend the ben^flt of rooral hi- 
stnictlon to all the youth of our land. Teachen and all others engaged in the trahiUig of youth, an 
inrited to exatnioe this work. 

** Dr. Wayland hai published an abridgment of his work, fbr the use o/t schools. Of 
tikis step we can hardlpr speak too highlv. It is more than time that the study of mora] 
philosophy should be introduced into all onr institutions of education. We are happy to 
•ee the way so auspiciously opened for such an introduction. It has been not merely 
abridged, but also re-irrttterk We cannot but regard the labor as well bestowed.** — AbrtA 
.American Review, 

** We speak that we do know, when we express <rar high estimate of I>r. Wayland's 
ibilit^ in teaching Moral Phllosophv, whether orally or by the boolc. Having listened to 
Ids instructions, in this interesting aepartment, we oan attest how lofty are the principles, 
how exact and severe the argumentation, how appropriate and strong the iUustrauoni 
which characterize his system and enforce it on the mind." -^ The Christian Witnea. 

" The work of which this volume is an abridgment, is well known as one of the best and 
most complete works on Moral Philosophy extant The author is well known as one of 
the most profound scholars of the age. That the study of Moral Science, a science which 
Inehes goodness, should be a branch of education, not only in our coUeses, but in our 
•chools and acMleraies, we believe will not be denied. The abridgment of this work 
•cems to us admirably calculated for the purpose, and we hope it will be extcnrively 
applied to the purposes for which It is intended." — The Mercantile Journal, 

** We hall the abridgment as admirably adapted to supply the deficiency which has kma 
been ftit in common school education, — the study of moral oblisation. Let the child 
•w«*7 be taught the relations It sustains to man and to its Maker, the fli^t acanainting it 
'*«**• the duties owed to society, the second with the duties owed to Ood. and wbo eaa 
meteil how many a sad and disastrous overthrow of character will be prevented, and ha* 
•tavatod and pure will be the sense of integrity and virtue ?" — Sveninp OaMeHe. 



Dabablt Sdjool Books. 



1LBKEVT8 OF POLITICAL ECOKOHT. Bv Fr.vngu 
Watlakd, D.D., President of Brown University. Fifteenth Thousand. 
12mo. cloth. Price $1.25 

* His ol^cet bas bc«n to wrili a book, which anj one who chooses m«j understand. H« 
laa, dicreiHc, laboicd to aM|in.M the gaBeial prineiplei In the i^ahM 



icn manner possible, 
«ad to illnstiata them bj casci with which irtij penon is familiar. It lias been U> the 
aatiior a sonrec of icgret, that the course of discussion in the folloirlnf pafces, has, uni^ 
Taidab^, lad him over ground which haa frcqnentlj been the arcno of political contro- 
▼cnj. In all such eases, he has endeaToiM to state what seemed to hlui to be truth, 
withont ftar, AiTor, or aflkction. He is conscious to himself of no bias towards any party 
wbateyer, and he thinks that he who will read the whole work, will be convinced that he 
haa bean inflncncad bj none." — .£ztrac</rom the Fr^aee. "^ 

POLITICAL ECOKOKT, ABBIDOED, by the Author, and 
adapted to the nse of Schools and Academies. Seventh Thousand. 
IftoQO. half morocco. Price 60 cents. 

%*The ■nceess whieh has attended the abridgment of **The Elements of Moral 

Sdnioe ** has Induced the author to prepare an abridgment of this work. In this case. 

m In the other, the woik has been wholly re>writteu, and an attempt has been made ta 

adapt it to the attainments of youth. 

** The original work of the author, on Political Economy, has already tieen noticed on 
mar pages ; and the present abridgment stands in no need of a recommendation from us. 
We may be permitted, howerer, to say, that both the rising and risen generations are 
deeply indebted to Dr. Way land, for the skill and power he has put forth to bring a hishly 
important subject disUnctly before them, within such narrow limits. Though * abridged 
ferthe use of academies,* it deserves to be introduced into every private family, and to be 
studied by treir man who has an interest in the wealth and prosperity of his country. It 
is a subject little understood, even practically, by thousands, and still less understood 
theoretically. It is to be hoped, this will form a class-book, and be fhithfuUy studied in 
our academies { and that it will find its wav into every family library ; not th^re to be 
shut up unread, but to afford rich material for thought and discussion in the family 
circle. It is fitted to enlarge the mind, to pnrifv the judgment, to correct erroneous 
popular impressions, and assist every man in forming opinions of public measures, 
wUch will abide the test of time and experience." — Boaton Recorder. 

**■ An abridgment of this dear, common sense worlc, designed Ibr the use of aeademles 
is just publisned. We rejoice to see such treatises spreading amone the people ; and we 
nige all who would be intelligent fteemen, to read them." — ]fev> Ytmc TrcmacripU 

**We can say, with safety, that the topics are well selected and arranged; tfaattha 
author's name Is a suarantee for more than usual ezceUeuca. We wish it an eztansive 
cixeuladon." — Ifew York Obtervtr, 

** It is well adapted to high schools, and embraces the soundest system of republieaa 
political economy of any treatise extant." — Dotty Advocate, 

TEOTTOHTS on the present Collegiate System in the United States. 
B^ Francis Watlaio), D.D. Price 50 cents. 

** These Thoughts come fh>m a source entitled to a very respectfhl attention ; and as th« 
author goes over the whole ground of collegiate education, criticising freely all the arrange 
meuts in every department and in all their bearings, the book is very fuU of matter. We 
hope it will prove the beginning of a thorough diMussion." 

FALET'S KATTTBAL THEOLOGY. DIustrated hy forty nlates, 
and Selections from the notes of Dr. Paxton, with additional Notes, 
original and selected, for this edition ; with a Tocabnlary of Scientific 
Terms. £dited by John Ware, M.D. 12mo. sheep. Price $1.25. 

** The work before us is one which deserves rather to be studied than merelv read. 
Indeed, without diligent attention and study, neither the excellences of it can be fully dli« 
rovered, nor its advantages realized. It is, therefore, gratifying to find it introduced, as a 
Icxt-book, into the colleges and literary institutions of our countrjr. The edition before ni 
Is superior to any we have seen, and, we believe, superior to any that has vet been pub* 
Uslied." — Sptrit of the Pitgrims. 

** Perhaps no one of our author's works gives greater satisfiiction fo all classes of rendcii^ 
the young and the old, the ignorant and the enlightened. Indeed, we recollect no book in 
«^hich the arguments for the existence and attributes of the Supreme Beinc. to be drvwff 
from his works are exhibited in a mauaer more attractive and more convincing." 

* Cht-iittian Kxnmtnr*. 



Daluablt Sirljool Sooka 



FLAKE'S FIBST BOOK IJX ASTBONOHT. Dcslgu&J (bi 
the L'se of Common Schools. By J. L. Blake, D.D. Illa»traie(l by 
Steel Plate Engravings. 8vo. cloth back. Price 60 cents. 

From E. Ilineklt}/^ Profu$or tf MathtmalieM in Maryleoid Univeraitv. 

** I ail much indebted to you for a copy of the First Book in Astronomr. It 1« ■ vork 
>f utilitj and raerit, far superior to vaj other which I have seen. The author has wlsctcd 
•lis titplcs with great judgment, — arranged them in admirable order, ~ exhibited them in 
t style and manner at once tasteful and philosophical. Nothing seems wanting, — nothing 
edundant It is truly a very beautiful and attractive book, calculated to afford boiC 
pleasure and profit to all who may enjoy the advantage of perusing it." 

Frwn B. Fields FUtwipal qftke Hancock School^ Bottom. 

** I know of no other work on Astronomy so well calculated to intereit and initiucf 
'«>ing leamen in this ■ublime science.** 

From Jomu V. Oovlcl, AJt.^ Principat t^ the Eigh School >br Toung Ladin, 

BeUtimore, Md, 

** I shall introduce your Fint Book in Astronomy into my Academy in BeptemlMi. 
eunnder it decidedly superior to any elementary work of the kind I have ever seen.** 

From Aaac Fotter^ Inatructor t^f Youths Portland, 

** I hare examined Blake's First Book in Astronomy, and am much pieaacd with it A 
▼cry happv selection of topics is presented in a manner which cannot ful to interest Um 
learner, while the questions will assist him materially in fixing In the memory what ought 
to be retained. It leaves the most intricate ports of the subject for those who are able to 
master them, and brings before the young pupil ouly what can be made intelligible and 
Interesting to him.** 

** The illustrations, both pictorial and rcrbal, are admirably Intelligible i and th« defini- 
tions are such as to be easily comprehended by juvenile scholars. The author has inter* 
woven with his scientific instructions much interesting historical information, and con- 
trived to dress his philosophy in a garb truly attractive. — N. Y. Daily Evening JovmdL 

** We are free to say, that it is, in our opinion, decidedly the best work we have any 
knowledge of, on the sublime and interesdng subject of Astronomy. The engravings ar« 
executed in a superior style, and the mechanical appearance of the book is extremely 
prepossessing. The knowledge imparted is in language at once chaste, elegant, and 
simple — adapted to the comprehension of those for whom it was designed. The subject 
matter is selected with great judgment, and evinces uncommon industry and research. 
We earnestly hope that parents and teachers will examine and judge for themselves, at 
we feel confident they will coincide with us in opinion. We only hope the circulation of 
the work will be eammensiarate with its merits." — Boston Evening Otuette. 

** The book now before ns contains forty-two short lessbns, with a few additional ones 
which are appended in the form of problems, with a desini to exercise the young learner 
In finding out the latitude and longitude on the terrestrial globe. We do not hesitate to 
recommend it to the notice of the superintending committeM, teachers, and pupils ol our 
public schools. The definitions in the first part of the volume are given in brief and clear 
Sanguage, adapted to the understanding of beginners."* State Heraklf Portemouthf If, J£, 

HAKE'S KATTTBAL PHILOSOPUT. Being Conyersations on 
Philosophy, with the addition of Explanatory Notes, Questions for Exami- 
nation, and a Dictionary of Philosophical Terms. With twenty-eight steel 
Engravings. By J. L. Blake, D.D. 12mo. sheep. Price 67 cents. 

*«* Perhaps no work has contributed so much as this to excite a fondness for the study 
of Natural Philosophy in youthful minds. The fkmiliar comparisons, with which it 
aLounds, awaken interest, and rivet the attention of the pupil. 

From Rev, J, Adanu, Pretident of Oharleston CoOeget SL (X 

"I hare been highly gratified with the perusal of rour edition of CouTersatlons on 
Vatniml Philosophy. The Questions, Notes, and Explanations of Terms, are valnabto 
additions to the work, and make this edition superior to any other with which I am 
acquainted. I shall recommend It wherever I have an opportunity." 

* We avail ourselves of the opportunity furnished us by the publication of a new edition 
Of this deservedly popular work, to recommend it, not only to those instructors who may 
not already have adopted it, but also generally to all readers who are desirous of obtaining 
Information on the subjects on which it treats. By Questions arranged at the lx>ttom of 
the pageL in which the collateral facts are srranged, he directs the attention of the learner 
to the pnnci pal topics. Mr. IMake has also added many Notes, which illustrate the pas* 
SMKS to which they are appended, and the Dictionary of Pliilosophlcol Ternu 's a liseftll 
aoaltiou." —U.S. Literaiy GoKetie 



Ualnablt Sdjool 13ook0 



f BIVCIPLES OF ZO6LOOT; Touching the Stnictare, Devoio^ 
ment, Distribution, and Natural Arrangement of the Races of Anijkals, 
liTing and extinct, with numerous illustrations. For the use of Schools 
and Colleges. Part I., Compabatiyb Phtuologt. By Louis Aoasbiz 
and AaouaTua A. Gould. 

* Thtt derfgn of thii wosk It to fbmlik aa epitome of fhe leadlaf jntnelplefl of the letenee 
•r Zootogjr, aa deduced from tfa^ fneaent atato of knowledge, ao UlDatrated as to be Intelligible 
to the beginning atndent No flroilar tieatlae now exiata in thia eountiy, and indeed. 10010 
of tfie topica luiTe not been touched npon la the language, unleaa in a atrietlj technical 
fcnn, ana in aeatlered articlea." 

** Being deaigned for Amerleui atudenta, the tllvatratloni luiTe been drawn, aa fkr aa poa- 
aiMe. from Amerieaa dfcjeetk * * * Popular naniea haTe been emplojed aa fu-aa posnble, 
and to the aelentUe namea an EnsUah termination haa generallj been giren. The first part 
la deroted to Comparative Ph7aloloffT,as the boais of Claasiflcation 1 the leoond, to Sritem- 
•tie Zottlogjr, In which the prinelplca of Claaaiieatlon will be appttedt aad tilie principal 
gronpo of animala briefly ehanetenaed.'* 

KODEBN FBEKCH LITSBATTTBE; By L. BATXOim Db VrfRi- 
couR, formerly lecturer in the Royal Athenseum of Paris, member of the 
Institute of France, &c. American edition, brought bown to the present 
day^ and revised with notes by Wiluam S. Chasx. With a fine portrait 
of Lamartiiib. 

%• Thia Treatiae haa reee l Ted the ht^eat praiae aa • eonprahenalTe aad fhonnigh earf«y 
•f the Tarloua departmenti of Modem French Literature. It eontalni biographical aad 
eritieal notea of all the prominent namea In Fhlloaophj, CriUdam, Blatoiy, Romance, 
Fbetiy, aad the Drama 1 and preaents a Aill and Impartial oonrideratioB of the FoUtieal 
Teadendea of France, aa thej may be traced In the writlnga of anthon eqnallj eonapk a> 
MJ aa Seholara and aa Stataaman. Mr. Cihaae, who haa been the FaiMaa eoneafoadeat of 
aerenl leading peilodleala of tUa country, la well quallfled, ftom a prolonged realdeace la 
Franee, hia fluaOlarity with Iti Literature, aad l^aperaonal aequalataaee with aunyof 
(heee authora, to latrodnee the work of De Virlcour to fhe Amerieaa pnblle. 

** Thli la the only eompleto treattM of the klad oa thia lubject, either la Freaeh or Bag* 
■ah, and haa reoeirad the hlg^eat commendation. Mr. Cliaae ia well qualified to latvodaac 
fhe woik to the publie. The book canaotlUl to be botiiuaeftal aad popular."— JRwlW* 

IHE CICSBONIAK; Or the Prussian Method of Teaching the 
Latin Language. Adaptea to the use of American Schools, by B. SsAJts. 
ISmo. half morocco. Price 50 cents. 

From the Prxfeaaon cf Harvard VkbotnUf, 

* We beg leave to obaerve, that we eoniider thii book a very Taluable addlffoa to our 
atock of elementaiy worka. Ita great merit ia, that it rendera the elementary Initructton In 
Latin lesa mechanical, by conataotly callinc the reaaonlng power of the pupil into action, 
and givea, flrom the banning, a deeper InaTght into the very nature, pruieiplea, and lawa 
not only of the liatin lanKuage, but of language la generu. If the book required aay 
other recommendation betidea that of being the work of to thorough and experienced a 
Bchoior as Dr. Sean, It would be thia, that the iyitem illustrated ia It ia not a mere theory^ 
btft has been practically tested by many able Instructors ia Gknaaay. We wish that the 
same trial may be made here. y^ reapectftUly yoni% Chabws BacK, 

t;toii&rid^ OeL S, 1844. ^ ^' F«i.xok. 

KEKOBIA TECHKICA; Or, the Art of Abbre^ating those Studies 
which gvee the greatest Labor to the Memory; including Numbem 
Historical Dates, Geography, Astronomy, Gravities, &g. ; also Rules fot 
Memorizing Technicauties/Nomenclatures, Proper Names, Prose, Poetiy, 
and Topics in general. Embracing all the available Rules found m 
Mnemonics or Mnemotechny of Ancient and Modem Times. To which 
is added a perpetual Almanac for Two Thousand Years of Past Time and 
Time to Come. Bv L. D. Johvsom. Third Edition, revised aad improved 
Ostavo, cloth bacL Price 50 cents. 
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THE TOirNG LADIES' GLASS BOOK. A Selection of 
Lessons for Reading in Prose and Verse. By E. Bailey. A.M.. 
late Principal of the Young Ladies* High School, Boston. Stereotyped 
Edition. 12mo. sheep. Price bSH cents. 

From the Princ^U q/the Pubtie SchooUfor Ftmaitt^ Sotton, 

** Qkvtlxmb V : — We have examined tlie Toung Ladiee' CUm Book with intereel and 
|>leaaure ; with inteieet, because we have felt the want ot a Beading Book expressly de- 
signed for the use of females ; and with pleasure, because we hare fbund it well odaiitod 
to supply the deficiency. In the selections for a Reader designed for boys, the eloquence 
of the bar, the pulpit, and the forum may be laid under heavy nontribution i but snch 
selections, we conceive, are out of place in a book designed for ft males. We have been 
pleased, therefore, to observe, that in the Toung liadies* Class Book such pieces are rar«i 
The high-ioned morality, the fteedom'from sectarianism, the taste, richness, and adopu*- 
Hon of the selections, added to the neatness of its external appearance, must commend It to 
all { while the practical teacher will not fall to observe that diversity of style, together with 
those peculiar jKnn<«, the want of which, few, who have not felt, know how to supply. 

Beapectfully yours, Babnum Fiklo, Absaham AxdbbwSi 

B. Q. Pabicxb, Ghablxs Fox ** 

From the Primetpta«fUte Mom* Vernon School^ Boston, 

** I hare examined with much interest the Toung Ladies* Class Book, by Mr. Bidley 
and have been very higlily pleased with its contents. It is my intention to introduce it 
into my own school { as I regard it as not only remarkably well fitted to answer its particu> 
lar object as a book of exercises in the art of elocution, but as calculated to have an infla> 
«nce upon the character and conduct, which will be in eveiy respect fkvorable. 

Jacob Abbott.** 

*'We were never so struck with the importance of having reading books for female 
schools, adaptedporticularly to that express purpose, as while looking over the pages of 
this selection, "nie eminent success of the compiler in teaching this oranch, to which we 
can personally bear testimony, is sufficient evidence of the character of the work, consid- 
sred as a selection of lessons in elocution i they are, in general, admirably adapted to 
cultivate the amiable and gentle traits of the female character, as well as to elevate and 
improve the mind." —■ Annals of Education. 

** The reading books prepared for academic use, are often unsuitable for flemales. We 
arc glad, there^re, to perceive that an attempt has been made to supply the deficiency ; and 
we believe that the task has been faithflilly and successfully accomplished. The selections 
are Judicious and chaste i and so far as they have any moral bearing, appear to be unex* 
eeptionabk.** — j;d«ea<Mm iiQwrfer. 

EOMAK AKTIQXriTIES AKD AKCIEKT HTTHOLOGT. 

By C. K. DiLLAWAT, A.M., late Principal in the Boston Latin SchooL 
With Engravings. Eighth Ed., improyed. 12mo. half mor. Price 67 cts* 

From E. BaXlev, Principal qf the Toung Ladieif Sigh School^ Boston, 

** Having used DiUatooy's Roman Antiquities and Ancient Mgthologg in my school fot 
several years, I commend it to teachers with great confidence, as ■ valuable text-book <m 
those interesting branches of education. E. Baii.bt.* 

* The want of a cheap volume, embracing a snoclnct aeeonnt of ancient customs, 
together with a view of classical mythology, has long be«i felt. To the student of a lan- 
guage, some knowledge of the manners, habits, and religious feelings of the people whose 
langusgs is studied is indispensably reouisite. This knowledge is seldom to be obtained 
without tedious research or laborious inrestigation. Mr. Dillaway's book seems to have 
been prepared with spedid reference to the wants of those who are Just entering upon ■ 
elassieal careen and we deem it but a simple act of Justice to say, that it supplies the 
want, which, as we have before said, has long been felt In a small duodecimo, of about 
rnie hotdred and fifty paces, he ooncentimtes the most valuable and interesting iMtrticuIars 
telatir c to Roman antiquity { together with as full an account of heathen mythology as Is 
feneratly needed in our highest seminaries. A peculiar merit of this compilation, and 
«Be which will gain it admission into our highly respectable /emale seminaries, U th'i total 
absence of all allusion, even the most remote, to the disgusting obscenities of andenf 
Dythology; while, at the same time, nothing is omitted which a pure mind would feel 
Interested to know. We recommend the b<x>k as a valuable addition to the treatises ia 
onr schools and aeademlcs." — Education Meporter, Boston, 



**We well remember, in the days of our pupilage, how nnpopnlaraa a study was the 
volume of Roman Antiquities introduced in the aoidemlc course. It wearied on account 
of its prolixity, filling a thick octavo, and was the prescribed task each afternoon for a 
long three months. It was reserved for one of our Boston instructors to ai>ply the con- 
densing apparatus to this mass of crudities, and so to modemue the antiquities of the old 
Romans, as to make a befitting abridgment for schools of the first order. Mr. Dillaway has 
prcsenteid such a compilation as must be interesting to lads, and become popular as a text- 
book. Historical facts are stated with great simplicity and clMmees i the most important 
nolati are seised upon, while trifling peculiarities are passed wwotieed."— Jm. TmveUer, 



FBINCIPLES OF ZOO'LOGT, 

Touching the Stmcture, Development, Distribution and Natural 
Arrangement of Uie Races of Animals, living and extinct ; with numer- 
ous Illustrations. For the use of Schools and Colleges. Part 1. — Com- 
paratiye Physiology. 

Br L0UZ8 AoABSiz AND Augustus A. Gould. 

EXTRACTS FROM THE PREFACE. 

^ The design of this work is to furnish an epitome of the leading princi-^ 
pies of the science of Zoolozy, as deduced from the present state of 
knowledge, so illustrated as to he intelligible to the beginning student. No 
similar treatise now exists in this country, and, indeed, some of the topics 
have not been touched upon in the language, unless in a strictly technical 
form, and in scattered articles.'* 

** Being designed for American students, the illustrations have been drawn, 
as far as possible, from American objects. . . . Popular names have 
been employed as far as possible^ and to the scientific names, an English 
termination has generally been given. The first part is devoted to Com- 
parative Physiologjr, as the basis of Classification ; the second, to System- 
atic Zoology, in which the principles of Classification will be applied, and 
the principal groups of animals briefly characterized." 

NOTICES OF THE PRESS. 

'' This work has been expected with great interest It is not simply a 
system by which we axe taueht the classification of Animals, but it is 
really what it professes to be, me ' Principles of Zoology,' carrving us on 
step by step, from the simplest truths to tne comprehension of that infinite 
plan which the Author of Nature has established. . . . This book places 
us in possession of information half a century in advance of all our element- 
ary works on this subiect. ... No work of the same dimensions has 
ever appeared in the English language, containing so much new and valu 
able information on the subject of wnich it treats." — Pro/, Jamea ffaU, in 
the Albany JoumaL 

"^ A work emanating from so hi^h a source as the * Principles of Zoology,* 
hardier requires commendation to ^ive it currency. The public have become 
acanainted with the eminent abilities of Prof. Agassiz tnrough his lectures, 
ana are aware of his vast learning, wide reach of mind, and popular mode 
of illustrating scientific subjects. In the preparation of this work, he has 
had an able coadjutor in Dr. A A. Goula, a frequent contributor to tlie 
Transactions of the Boston Society of Natural History, and at present 
engaged upon the department of Conchology, for the publication of the late 
exploring expedition. The volume is prepared for the Undent in zoolo^cal 
science ; it is simple and elementary m its style, full in its illustrations, 
comprehensive in its range, yet well condensed, and brought uito the narrow 
compass requisite for the purpose intended." — SiUim<w!'8 Journal, June, 1848. 

** The work is admirably adapted to the use of schools and colleges, and 
ought to be made a study in all our higher seminaries, both nude and 
female." — New York Obterver, 

^ To the testimony which is Aimished bj their distinguished scholarship, 
we may add, however, that the classifications of the work are so admirably 
arranged, and its descriptions given with so much simplicity and clearness 
of language, that the book cannot fail of its practical aim — to facilitate 
the progress of the beginning student It is a work for schools." — 

New York Recorder, 



IRINCIPLKS OF ZOOLOGY — KOTICKS OF THE FKESa. 

" The annOTmcement of this work some time ago, as being in a course oi 
preparation, excited a high degree of interest among teachers, students, 
and the friends of science. The names of its authors gave ample assurance 
that it was no compilation drawn from other works, no mere reconstruction 
of existing materials. The work will undoubtedly meet the expectations 
that have Deen formed of it, and already it has been adopted as a text-book 
in several colleges. It breaks new ground ; as is said in the preface, *' some 
of its topics have not been touched upon in the language, unless in a strictly 
technical form, and in scattered articles.' The volume exhibits throughout 
great labor and care in preparing it for the public eye, and for the use of 
students. As it has no rival, we suppose its adoption will be almost univer- 
sal in literary institutions, and it will do much lo awaken in t^e minds of 
multitudes an enthusiastic love of natural history." — ChriaUan Eefiector ^ 
Watchman. 

* This work is designed as a text book for schools and colleges, and as 
in exposition of the interesting science of which it treats, it has many ob- 
vious advantages over any other treatise extant. It is the joint production 
of two gentlemen, whose researches in natural history have enlarged tlie 
domain of human knowledge, and one of whom stands confessedly at the 
head of tlie science of the age. It hence contains the latest and most 
approved classifications, with explanations and illustrations borrowed from 
the forms of animated nature, both living and extinct, and made accurate 
and perfect by the fullest acquaintance with the present condition of zoo 
logical science. As a text book it is admirably conceived. 

" The presence of Prof Agassiz in the United States, has given a new 
impulse to every branch of natural history, and we are happy to find him 
thus associated with Dr. Gould, one of our leading American naturalists, 
in explaining his favorite science to the youth of our schools and colleges.'* 
Providence Jcmrrud, 

" No such work had previously appeared in our country. The produc- 
tion is worthy of the great names under whose care it has been prepared. 
Prof. Agassiz has a world-wide reputation, and Dr. Gould is regarded by the 
scientific men of Europe as the most eminent naturalist of our countrv. 
Schools and Academies will find it opens up a new and attractive study 
for the ^oung, and in no country is there a finer field opened up to the 
naturalist than in our own." — CnrUtian Alliance, Boston, 

'^ Anew and highly valuable publication, intended for a school book, but 
which will be found equally interesting and important for all to study. . . - 
Such a work as this has long been a great desideratum, and we rejoice that 
a want so strongly felt, has now, at length, been so well and so completely 
supplied." — Boston Atlas, 

"This is entirely a new field in American elementary literature, no simi- 
lar treatise existing in this country. At first sight, the work appeared to 
us too abstruse for beginners, and for the use of tnose whom the autlior 
aims to benefit — the scholars in our common schools. A more careful 
examination convinces us that anv teacher or scholar, who is in earnest to 
understand the subject, will find the application necessary at the commence- 
ment comparativelv trifling, while the subsequent benefit will be immense. 
This is the first volume of the work, and is aevoted to Comparative Physi 
ology, on which branch it is exceedingly complete. It is freely illustrated 
wi& the necessary wood cuts. The names or the authors will be a higher 

Saarantee for scientific accuracy than any judgment we might pronounce.** 
Tew York Commercial Advertiser, 

"It is designed chiefly for the use of schools and colleges, and as an 
ei.itome of the subject on which it treats, contains more in a small space, 
than any book of the kind that has yet fallen under our notice." — Saturday 
Gleaner J PhUadelphia. 
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IRVINE'S CYCLOP>EDIA OF ANECDOTES OF LITERATURE AND THE 
FINE ARTS. Containing a copious and choice selection of Anecdotes of the 
yarious forms of Literature, of the Arts, of Architecture, Engravings, Music, 
Poetr7, Painting and Sculpture, and of the most celebrated literary Charaoten 
and Artists of different countries and ages, etc. Elegantly Illustrated. 

This is a most amusing, instructive and entertaining work. The anecdotes are 
of a high order, and of such wonderftil variety as to Aimish something of interest 
for every class of readers, upon almost every possible topic 

T7u Christian Ttmes says, " The work will be ooe of rare interest to the scholar and to 
the general reader. It is illustrated with engravings, and finely printed, the pages resem- 
bling in size and form the noble edition of ' Chamber's QyclopeDdia,* by the same pub- 
Ushers." 

The Carpet Bag says, " This \i one oi^the best books of the sceson, and it presents, in e 
compact form, a thousand wise, witty and remarkable things, that might otherwise aevec 
have reached that Inordinate public, which, like Uie daughter of the * horse leech* we 
read of, is continually craving." 

The work will first be published in eight numbers, at twenty-five cents each 
which together will make an elegant royal octavo volume of about 730 pages. The first 
number has Just been issued, and the others will follow once in two weeks till com- 
pleted. 

A WREATH AROUND THE CROSS; or, Scripture Truth Illustrated. By 
Rev. a. MoRToir BaowN. With an Intboductioit, by £xv. John Angell James. 
With an elegant Frontispiece. 16mo. cloth, 60 cents. 

Tlu ZiofOs Herald says, '* In a richly evangelical style the author iUu^trates the essential 
truths of religion by their relation to the Cross. The plan of the work is happy, and its 
execution able." 

The Albany Spectator says, " We have not seen a book for many a day with a more 
beautiful title than this. And the frontispiece is equally beautiful, presenting Christ as 
cheering the prospect. Leaving the field of mere controversy to others, the author at once 
approaches and leads all with him to the cross ; exhibits it as the means of our justificar 
tion, sanctification and eternal blessedness ; aims to cultivate the heart rather than the 
intellect ; takes the enquirer from the sign to the thing sanctified ; and gives both edifieation 
and consolation to enquiring sinners." 

GUYOT'S MURAL MAP OF THE WORLD, on a large scale, (5 by7feet,)for 
the Recitation Room. Printed in three colors. Price, mounted, $10,00. 

THE NATURAL HISTORY OF THE SPECIES; its typical forms and 
primeval distribution. With elegant illustrations. By Charles Hakilton Smith. 
With an iMTRonucnoir, containing an abstract of the views of Blumenbach, 
Prichard, Bachman, Agassiz, and other writers of repute, by Samuel Kneelasd^ 
Jr., M. D. 12mo. cloth, Sl,25 

THE EXCELLENT WOMAN, as described in the Book of Proverbs. With 
s]>lendid Illustrations, and an Introduction, by Bsv. WnxiAH B. SpRAonx, D. D. 
]2mo. eloUi, extra, inpreu 

\0* An degant Gift Book. 

NOVELTIES OF THE NEW WORLD, an Account of the Adventures and 
Discoveries of the First Explorers of North America. 12mo. oloth, iupreu. 

Being second volume of Bamvard's Series or American Histoross 

OUNG AMERICANS ABROAD: or Yacation in Europe ; embodying the resuUs 
of a tour through Great Britain, France, Holland, Belgium, Germany and Switxerland, 
vith ek'gant Illustrations. 16mo. cloth, in prssa 
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